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federal Minister of the Environment in January of 1984 under the 
authority of the Canada Water Act. The members were Peter H. 
Pearse, chairman; Francoise Bertrand, member; and James W. 
MacLaren, member. The Inquiry was required by its terms of 
reference to review matters of water policy and management within 
federal jurisdiction and to make recommendations. 


This document is one of a series of research papers 
commissioned by the Inquiry to advance its investigation. The 
views and conclusions expressed in the research papers are those 
of the authors. Copies of research papers and information on the 
series may be obtained by writing to the Enquiry Centre, 
Environment Canada, Ottawa, Ontario K1A OH3. 
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Abstract 


This review assesses major federal legislation policies and pro- 
grams related to water resource management in Canada, exclusive of 
1ts provincial-type role in Yukon and the Northwest Territories. 


The constitutional setting is described, including its uncertain- 
ties highlighting the need for federal-provincial cooperation. 
Ten’ federal laws ‘relating to water are>.examined Vand récommenda- 
tlons presented to improve the Canada Water Act, Environmental 
Contaminants Act and the Fisheries Act. 


Major federal programs assessed include those related to water 
quantity. and)’ quality “monitoring,  -planning,ws nequlation, flood 
damage reduction, regional water development, Great Lakes water 
quality management, municipal facilities funding, toxic chemicals 
and airborne pollutants. Recommendations are presented to 
strengthen programs as appropriate. 


Résumé 


Ce rapport évalue les principaux programmes, politiques et légis- 
lations fédéraux reliés a la gestion des ressources hydriques au 
Canada. I1 n'aborde cependant pas le réle du gouvernement fédéral 
dans les Territoires du Nord-Ouest et du Yukon. 


Le contexte constitutionnel y est décrit et les incertitudes en 
résultant sont soulignées ce qui met en lumiére la nécessité d'une 
collaboration fédérale-provinciale. Les lois fédérales se 
rapportant aA l'eau sont examinées et des recommandations sont 
faites afin d'améliorer la Loi sur les ressources en eau du 
Canada, la Loi sur les contaminants de l'environnement et la Loi 


sur les pécheries. 


Les principaux programmes fédéraux évalués comprennent ceux reliés 
a la surveillance de la quantité et de la qualité des eaux, Aa la 
Planification, &4 la réglementation, A la réduction des dommages 
Causés par les innondations, au développement régional. des 
ressources hydriques, aux grand lacs, a la gestion de la qualité 
des eaux, aux financement des équipements municipaux, aux substan- 
ces toxiques et aux polluants aéroportés. Des recommandations 
sont présentées afin de renforcer ces programmes lorsque 
necessaire. 
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1. INTRODUCTION 


This review was undertaken for the Inquiry on Federal Water 
Policy. It attempts to outline and assess the federal 
government's roles in water administration as defined by 
its legislation, policies and programs. The study was 
based on interviews with senior staff of federal agencies 
directly involved with water management and documentation 


provided by then. 


To set the stage, it seemed essential to describe the 
constitutional setting and the uncertainties it creates 
respecting federal and provincial Turisdictions. Within 
this setting, the major federal water legislation is 
summarized and recommendations are made to overcome 
deficiencies. The review then examines major federal water 


programs. 


The report is restricted to a discussion oF the federal 
government's national roles, excluding its provincial-type 
responsibilities exercised in Yukon and the Northwest 
Territories. The initial intention was to include a chapter 
on territorial water management, but in the end it was decided 
not to do so. The management of water in the North is too 
Significant a topic to be included as a mere adjunct to a 
discussion of federal water policies. Water management 
policies and programs of the Department of Indian Affairs 
and Northern Development stand on their own, just as do 
those of a province, and should not be confused with 
"federal" water policies and programs. They are provincial- 
type rather than national. Through the courtesy of the 
Department of Indian Affairs and Northern Development, a 
separate report which I completed in 1984, "Water Policy 
North of 60°", is submitted to the Inquiry for its 


consideration. 


Concentration on federal programs dealing with the more 
significant issues of the day turned out to be inescapable. 
As a result, a number of programs of importance are not 
discussed. The operation of the St. Lawrence Seaway, 
numerous control boards, investigative-engineering boards 
and advisory committees reporting to the International 
Joint Commission are examples of important programs that 


Ae MOT Ceca With. 


Since the Inquiry commissioned a separate study concentrating 
on federal water research programs, they are only considered 
here in relation to several water management issues rather 


than as programs in their own right. 


Meaningful and comparable statistics on financial and 
personnel resources allocated to various programs were 

not usually available. Accounting systems cditter from 
department to department and within departments they change 
on a too-frequent basis. Where obtainable, figures are 
incluced in. the discussion of andividual topics. “Some 


general statistics are included in the Appendices. 


The recommendations contained herein have been developed in 
recognition of the budgetary restraint situation confronted 
by all levels of government. No new major initiatives are 
proposed. Instead, the emphasis has been placed on fine- 
tuning, improving the coordination of programs, providing 
for stronger centres of authority and responsibility, and 
maintaining a state of readiness to respond to new issues 


as. they arise. 


2. CONSTITUTIONAL FRAMEWORK FOR WATER RESOURCE MANAGEMENT 


be wt te 

9. unas Gi vacdisiss - the #1 

porn Ss Oe Nnepe i ly eee 

i+¢ Daa! | , e800 9 cere. veh! arwi we 

Ga 40. He? 1069, a4! nf * 
iu Pama ¢” 6d 16 'o8 1% 


: iv) > OGadaiiite Loom et 0:3 © bat wats 

peuhae WrAber levee’: ¢(SGTeRES thee oe 4 

pea Va ne gee ore’ SaaS bea eyees | ave 
in ieaee 12 oes: UR rayaee, 


i - J ind pls 6 enn a0 VGieostal wae mn 
° shaw a» 0 bo etenree sep iods ie kd wre 


Hig eipmeriies anh amiaetet etaerdithiatol 
pst whee ifpertmante they 


gee-4 
qe) 5 oe Oryeinesic. Chgurpe ere 
ry cme : te@ividesl cop.ce, Fame: 
ee » incited fe ar Appereices 
f a sad hageit nave Seow dave oped 1 | 
as (ery etesraint eiveatlon con iyuche’ _ 
— 7, meat tu now oer Sdiciati cen aca ae 
Siw mi oh se og. AS bees ghecat ne oan 
eo. a “ ingelee Pree rarsé, providing - 
| er on ee ee sheer pasr ons lOiluty, ana : r 
e 62000» oh, ta , pure re nan doses 


os jay & wT 


ria | 


2. CONSTITUTIONAL FRAMEWORK FOR WATER RESOURCE MANAGEMENT 4 
Introduction 


Much has been written by legal scholars about the powers of the 
provincial and federal governments respecting water resources. 
Rather than attempt to present an exhaustive review, the following 
discussion outlines the major responsibilities of the governments 

in Canada, areas of uncertainty, and options available for resolving 


disputes and effecting cooperation. 
Provincial Powers 


Provincial powers derive from Sections 109 and 92 of the Constitution 
Acts of 1867 to 1982. Section 109 bestows the ownership of public 
lands, mines and minerals to the provinces. This has been inter- 
preted to include the proprietary rights to rivers and other water- 
courses (Zimmerman, 1969), excepting those waters occurring on 
federal lands within the provinces. With proprietary rights to 
water and fish therein, the provinces can regulate the rights to use 
them within their respective territories, except for those rights 
that by common law are public rights, namely the right to navigate 


in virtually all waters and the right to fish in tidal waters. 


Section 92 provides legislative powers to the provinces including: 
the management and sale of public lands; property and civil rights; 
local works and undertakings; and, generally all matters of a merely 
local or private nature in the province. Section 92A, added in 1982, 
provides the provinces with exclusive powers in relation to the 
development, conservation and management of sites and facilities 


for hydroelectric power generation. 


Basically, as the owners of the rights to use water and with the 
power to regulate property, local works and undertakings, and matters 
of a local nature, the provinces are the water managers. They can 


ee enwmeaeeenaneewece2eeeae22 


1 This discussion excludes consideration of federal lands, including 
Yukon and the NWT where the federal government has full jurisdic- 
tion over water. 


ip) 
. 


determine its apportionment and regulate its quality to meet 
provincial, economic and social objectives. As all private 
business managers find, however, there are a number of constraints 
that have been placed on a province's water business. These 
constraints are found among the constitutional powers of the 


federal government. 
Federal Powers on Internal Provincial Waters 


The two principal federal powers are those respecting two specific 
uses of watercourses, fisheries and navigation. In a sense, those 
responsible for fisheries and navigation are clients of the water 
managers. In another, and more realistic sense, fisheries is an 
industry with fish habitat as the resource base and fish the 

product. When looked at in this way, the federal government is the 
manager of a resource, fish habitat, that occurs within another 
resource, watercourses, that it does not own. Whether clients or 
managers, the requirements of the federal fisheries and navigation 
authorities must be met, even if they constrain or prevent a province 


from meeting the demands of customers for other water uses. 
2eo<k Fisheries 


While the provinces possess the proprietary rights to their fish as 
they do for water, it is the federal government that controls the 
protection and conservation of fisheries under Section 91(12). 

These powers directly constrain other uses of watercourses. The 
federal government, for example, can regulate local works and under- 
takings to ensure the maintenance of fish passage and to protect 
spawning, rearing and other habitat areas from physical disturbance 


and pollution detrimental to fish. 
2.3.2 Navigation 


Section 91(10) gives the federal government exclusive legislative 


authority over navigation and shipping. It can control the design 


2.4 


and construction of any structure that might interfere with 
navigation, regulate the deposit of rubble and other material that 
could interfere with navigation, and define waste disposal restric- 


tions for ships and shipping facilities. 
Indirect Powers 


Besides these federal powers directly related to water, there are 
several indirect powers that could influence a province's authority 
over its internal waters. The statistics power (S. 91(6)), rer 
example, is used as a basis for gathering various data on water 
supply, quality and use. Involvement in irrigation programs and the 
control of pollution affecting agriculture could be justified on the 
federal agriculture power. The criminal law powers OE ws JllZ74 
might be employed to prohibit, or possibly regulate, pollution, 
although as Gibson (1973) points out, the courts have restricted 
federal jurisdiction under S. 91(27) to those activities 
"essentially criminal" in nature. It is unclear whether the control 
of pollution not seriously dangerous to public health, or the 
regulation rather than the prohibition of dangerous pollutants, 


could be dealt with under the criminal law power. 


Although not defined in the Constitution Act, the federal government 
does employ its ''spending power"? to influence the exercise of 
provincial water management. Federal grants or resources committed 
to federal-provincial programs , such as the current flood hazard 
reduction programs, often contain conditions that steer the direction 


of provincial policies and priorities. 
Federal Powers on Interjurisdictional Waters 


In addition to these direct and indirect federal powers that may 
constrain a province's management of its internal waters, there are 
other federal powers that can influence activities within a province 
that could have impacts beyond the province's border, in the United 


States or in another province. 


2:6 


2.5.1 Treaty .Power 


Under Section 132, the federal government has all the powers 
necessary to fulfill Canada's obligations arising from international 
treaties made while Canada was part of the British Empire. Two 
treaties are of importance here. Under the Boundary Waters Treaty 
(1909), the federal government can take the steps necessary to 
protect open and free navigation and the maintenance of natural 
levels and flows of boundary waters, those waters that flow along 
or are part of the Canada-United States border, but excluding 
tributaries thereto. The Treaty also commits Canada to prevent 
pollution of both boundary waters and waters flowing across the 
boundary ''to the injury of health or property'"' in the United States. 
This power would extend to the Great Lakes, part of the St. Lawrence 
and several major watercourses crossing or part of the border 

such as the Okanagan, Columbia, Souris, Saint John and St. Croix, 


The second treaty of Significance is the Migratory Birds Convention 
of 1916 designed to protect migratory birds, not only from excessive 
hunting but from other hazards such as water pollution. Authority 
to regulate pollution deleterious to migratory birds would apply 
anywhere in Canada frequented by migratory birds, virtually 
everywhere. 


Federal Powers on Interprovincial Waters 
ee prOVINCLal Waters 


Provincial authorities relate to things and activities internal to a 
province. As Canadian waters become more intensively used and plans 
proceed for further developments, actual and potential impacts on 
downstream provinces have grown in importance. Waste disposal in 

one province has caused problems in another. Storage dams have 
resulted in ecological damage downstream. Proposals to divert waters 


from one basin to another, to expand irrigation programs or build 


new hydroelectric installations have potential implications for 
downstream provinces and territories. Are there additional federal 


powers tailored to deal with such interprovincial issues? 


The Constitution Act is silent on the specific issue, but there 
are federal powers that seemingly could be brought to bear to 
regulate activities in one province that could have 


injurious effects downstream in a neighbouring province or territory. 


There is the declaratory power of Subsection 92(10)(c) under which 
the federal government may exercise jurisdiction over works within 
a province by declaring them to be for the general advantage of 
Canada or of two or more provinces. While the power is there, 
Percy (1984) points out that it has become a politically sensitive 
authority and has not been employed since 1961. 


Subsection 92(10)(a) gives authority to Parliament to control works 
and undertakings that extend beyond the limits of a province. This 
power could be applied to regulate a proposed dam that would create 

a reservoir extending upstream into another province. It is unlikely, 
however, that the power could be applied to regulate the same project 
to prevent or minimize injurious impacts in a downstream province 

or territory. The opportunity to find out arose when British 
Columbia built the Bennett Dam on the Peace River, but the federal 
government did not act to influence the operation of the project 


or the schedule used to fill that reservoir. 


Section 91 of the Constitution Act (1867), provides federal authority 
to legislate for the peace, order and good government of Canada on 
any matter not exclusively assigned to the provinces. The federal 
government carries out a variety of research programs under this 
authority such as those relating to the health effects of contaminants 
on drinking or recreational water. These are generally welcomed by 
provinces since the results of research have national applicability, 


save duplication of effort, and do not threaten provincial sovere’gnty. 


But when does a problem reach the status of influencing the peace, 
order and good government of the nation to the extent that the 
federal government could exercise some regulatory powers? 

Gibson (1969 and 1973) took the view that the power could be used 
by the federal government to create multi-use river basin adminis- 
trations or to settle interprovincial disputes, or to legislate 
the basis under which such disputes are to be settled. The 
applicability of the peace, order and good government power seems 
to depend, however, on the degree of national interest involved in 


a particular issue. 


Chesman (1984) has outlined the situation. He DOMES TOUCAC obs Wigd 
judgement respecting A.G. Ontario v. Canada Temperance Foundation (1964), 
(A.C. 193 at 205-206), the Privy Council spoke of a national concern 

to sustain the federal power. Quoting from Chesman, the judgement 

read in part that: . 


"the true test (of the residual POGG power) must be 
found in the real subject matter of the legislation: 
if it is such that it goes beyond local or provincial 
concern, or interest and must from its inherent nature 
be the concern of the Dominion as a whole ... 
Parliament, as a matter affecting the peace, order, 
and good government of Canada although it may in 
another aspect touch on matters specially reserved 
for the provincial legislature." 


In a later case, however, know as the Anti-Inflation Reference (1976) 


4S.GeR:, 3735 (S2C.C.),,. federal legislation was held to be valid under 


> 


the peace, order and good government power because it addressed a 


matter of national emergency. 


Chesman (1984) has outlined a logic for determining when the national 
concern or national emergency criterion would be most appropriate. 
First put forward by Lederman (1975), the argument outlines two 
Situations for which use of the residual power would be appropriate. 


The first category would provide federal jurisdiction over specific 


subjects that are of national interest and have emerged since 1867. 
Aviation and atomic energy are two areas given as examples. The 
second category would call for federal jurisdiction over a situation 
that had reached the dimensions of a national emergency, something 
that justifies temporary assumption of authority pending solution of 
an issue. 


It is notable that this is the approach that seems to have been used 
by the drafters of the Canada Water Act (1970). Part I of the’ Act 
deals with comprehensive water management programs. It provides for 
unilateral federal action for interjurisdictional basins where all 
reasonable efforts to reach agreement with provinces have failed and 
where there is a significant national interest. For interprovincial 
basins, however, the unilateral action provision extends only to 
planning activities. Only for international basins, where Parliament 
has firm authority through the Boundary Waters Treaty, does the Act 


provide for unilateral federal implementation of planned projects. 


Part II of the Canada Water Act provides for the establishment of 
water quality management agencies to plan and implement programs to 
restore, preserve and enhance water quality in designated areas. 

Part II provides for unilateral federal action when federal/provincial 
agreements cannot be reached but, unlike Part I, the provision extends 
to the actual implementation of programs. Part II, however, is only 


applicable in situations that have become of urgent national concem. 


In 1978, the federal government published its interpretation of 


"significant national interest'' as follows: 


"Significant national interest' includes, but is 
not limited to, areas of direct federal responsi- 
bility. Examples of cases of significant national 
interest would include the management of boundary 
and international waters, interprovincial waters, 
waters in Indian reserves, national parks and the 
Territories; issues involving other federal waters, 
cases where federal jurisdictions, such as 
fisheries or navigation are major concerns, OF such 


other cases as are deemed by the Ministers to be 
of sufficient importance to the people and 
economy of Canada as to require federal involve- 
ment, e.g. disruption of regional economies by 
major floods." ! 


It would appear then that the federal government might be inclined to 
formulate comprehensive water management plans for interprovincial 


waters should provinces not agree to joint planning. 


The course the Supreme Court of Canada might adopt in dealing with 
interprovincial water disputes would, of course, depend on the 
specifics of a case presented to it. While there has been no case 
of unilateral federal action under the Canada Water Act, and no 
water disputes brought before the Court involving two provincial 
governments, there has been private litigation. A recent case 
yields insights into the constitutional frustrations the Court would 
have to deal with should a downstream province launch an action 
against its upstream neighbour or should provinces object to a 


unilateral federal approach under the Canada Water Act. 


[nn1975, the Court dealt with a case involving Interprovincial 
Co-operatives Ltd. v. the Queen in the Right of Manitoba. The 
problem concerned provincially licensed chlor-alkali plants in 
Saskatchewan and Ontario whose effluents contained mercury that found 
its way downstream into Manitoba waters and contaminated fish. Closure 
of a commercial fishery in Manitoba caused losses in the fishing 
industry. Manitoba sued Interprovincial Co-operatives Ltd. on behalf 
of the fishermen. 


Environment Canada, 1978. A vital resource: federal policy 


statement on inland waters. Ottawa. 


The heart of the issue was whether or not a province, in this case 
Manitoba, has the power to legislate respecting the quality of water 
entering the province. That is to Say, could Manitoba's law influence 
pollution control requirements in Saskatchewan and Ontario? Similarly, 
it could have been asked whether or not Saskatchewan and Ontario have 
authority to license waste disposal in a way that caused injury in 
Manitoba. As Percy (1983) pointed Out, the crucial Issue is 

whether the tort is legally considered to have been committed in the 
jurisdiction in which the act took place or in the jurisdiction where 


the harm was suffered". 


In the course of their comments, several of the Supreme Court Justices 
made statements bearing on the roles of upstream provinces, downstream 
provinces and the federal government in the management of inter- 
provincial waters. These quotations are taken from the Dominion 

Law Reports (Vol\..33, Sd) (S.CJC.). 


Laskin commented that: 


"It is plain enough to me that a Province 
having rights in property therein (fish) is 
entitled to protect those rights against injury, 
and similarly, to protect the interests that 
others may have in that property, by bringing 
or authorizing actions for damages ...'' (p. 335) 


But since a province's authority to legislate within the powers defined 
in S. 92 of the Constitution Act is restricted to matters within its 
boundaries, how can a province protect itself from pollution or reduced 


streamflow caused by actions taken in an upstream province? 


Ritchie argued that: 


'".,.. 1f there were licences making the appellant's 
activities in Saskatchewan and Ontario justified, 
this not only gave rise to the civil rights under 
the law of those provinces, but to a concomitant 
civil right to have those licences recognized in 
the Courts of Manitoba." (p. 349) 


On the other hand, Laskin's view was that: 


"It... they are respectively licensed to 
discharge contaminants to the extent that they 
did, that licence, local in each of the provinces, 
does not have an extra-territorial reach to 
entitle each of them with impunity to send their 
pollutants into the waters of another province." 


(p. 338) 
And Pigeon said that: 


"It appears to me equally impassible to hold that 
Saskatchewan and Ontario can license the contaminant 
discharge operations so as to preclude a legal 
remedy by those who suffered injury in Manitoba, 

or to hold that Manitoba can, by prohibiting the 
discharge of any contaminant into waters flowing 
into its territory, require the shutting dow 

of plants erected and operating in another 

province in compliance with the laws of that 
provances (pe 359) 


Several of the judges took the view that interprovincial issues 
relating to pollution control were matters of federal rather than 


provincial jurisdiction. Chief Justice Laskin commented that: 


",.. if any regulatory authority to have inter- 
provincial effect is to exist in respect of 
pollution of interprovincial waters it would 

have to be established under federal legislation." 
(Daeg50) 


Ritchie stated that: 


"Legislation in respect of water quality and of 
pollution, including the permitting thereof in 
interprovincial rivers, is clearly within the 
exclusive legislative authority of the Parliament 
of Canada under S. 91(12), whereas provincial 
legislation dealing exclusively with the effect 
of pollution including the proof thereof and 


the measure of damage resulting therefrom, has 
controlling effect within the territorial 
limits of the province by which it is enacted."' 
(p. 346) 


Pigeon stated that: 


"The basic rule is that general legislative 
authority in respect to all that is not 
within the vrovincial field is federal.” 
LBs Set) 


The range of comments must give both the provinces and the federal 
government pause for thought. In a future case, the Court might 

rule that a province's exclusive right to regulate use of its 
internal waters is limited by the riparian rights of downstream 
provinces. Alternatively, the Court might modify strict riparian 
principles and adopt rules providing for some degree of reasonable 
use by upstream provinces with its affects downstream being considered 
acceptable. Whether or not the Court would uphold federal regulatory 
involvement, would depend on its interpretation of the nature Sethe 
issue, be it of national concern, or national emergency; but some of 
the judicial comments quoted above suggest the Court may be leaning 
toward a federal role. The uncertainties are such that clarification 


at the political level is required. What options are there? 


Clarifying the Federal Role 


2.7.1 Federal Legislation 


Any attempt by the federal government to assert power to regulate 
water flows or quality at interprovincial boundaries would undoubtedly 
be met with strong opposition by the provinces, unless an issue of 
national emergency were involved. The reason for provincial 
opposition is obvious. Federal controls at border points could 

have far reaching effects on a province's powers to manage its 


water far upstream from its border. 


The nature of the Canada Water Act recognizes these potential issues 
and indicates a federal unwillingness to attempt to assert regulatory 
powers over interprovincial waters except in the unlikely event of 


national emergencies. 


Instead of attempting to legislate itself a regulatory role, the 
government might adopt a more passive role. Since there could be 
procedural difficulties in determining which court should hear a 
dispute between two provinces, the federal government might act to 
clarify the situation. Section 19 of the Federal Court Act already 
provides for that court to hear interprovincial disputes, with appeal 
to the Supreme Court, should provinces legislate accordingly. All 
have done so with the exception of Nova Scotia and Québec. It is 
within the realms of possibility, however, that a province engaged 
in a dispute as defendant could legislate itself out of the 
arrangement in an attempt to avoid litigation. In such a situation, 
the federal government might be able to legislate compulsory 
jurisdiction of the Federal Court to overcome a dilema of national 
concern. Gibson (1973) believed such action would be supportable 


under the peace; order and good government power. 


While legislating the authority of a particular court could obviate 
procedural problems, it would not assist that court in determining 
the principles on which to base its decisions. The uncertainties 
present today would persist, at least until several interprovincial 
disputes had been ruled upon. But if the federal government were to 
attempt to incorporate such guidelines in law, it would undoubtedly 
be challenged with attempting to tamper with provincial rights. In 
the end, the pursuit of federal legislation to deal with inter- 
provincial water management issues does not seem to offer useful 


solutions. 


The only option left is cooperation through federal/provincial agree- 
ments or perhaps ideally through Constitutional amendment to set the 


guidelines for such cooperation. 


2.7.2 Interprovincial/Federal Agreements 


The very nature of Canada has led to the negotiation of federal/ 
provincial agreements to deal with a whole range of issues that have 
emerged over the years, varying from medicare to regional economic 
development and water resource management. Some of these agreements 
provide insights into basic principles acceptable to governments that 
should be useful to guide the development of future cooperative 


arrangements. 


The most pertinent example of interjurisdictional water management 
arrangements in Canada are the Apportionment Agreements between 
Alberta and Saskatchewan, Saskatchewan and Manitoba, both covered by 
the Master Agreement on Apportionment involving three provinces and 

the federal government. The interprovincial agreements provide for the 
sharing of natural flows of streams flowing eastward from province to 
province; cooperation for effecting the most economical and beneficial 
use of interprovincial waters; and, the settlement of disputes by 


the Federal Court. 


The Master Agreement gives effect to the interprovincial agreements, 
provides for their amendment or cancellation, and reconstituted the 
Prairie Provinces Water Board to administer the agreement. The 
Master Agreement adds the important dimension of water quality to 
the extent that the governments agreed to consider quality problems, 
refer them to the Board, and consider the Board's subsequent 


recommendations. 


A key principle pervading these agreements is that the sovereign power 
of each province to manage its internal waters is maintained, 
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constrained only by the agreed apportionment. How a province is to 


meet its obligations at the border is left up to it. 


The first emphasis is on assuring each province its share of the resource 
for its internal development and use according to its own priorities. 


With shares assured and development priorities protected, the provinces 


adopted the principle of fullest cooperation on the integrated 
development and use of water and related resources. 


Complementing the continuing integrity of provincial powers is the 
role adopted by the federal yovernment. The federal government plays 
the role of convenor and honest broker, providing the chairmanship 
of the Board and undertaking the required stream monitoring as an 


objective third party. 


Through the agreements, the federal government gains an element of 
clout in that the agreements camnot be amended or cancelled except 


with the consent of all four governments. 


The background that led to the adoption of these basic principles 

has been well described by Barton (1983). Basically, after some 
years of operation as an advisory board examining and recommending 
on water use proposals in each province, it became apparent that 
water development anportionments granted to one province could 
constrain some future developments in another province. A need 

was felt for each province to have some guarantee of supply regard- 
less of when the real demand for use might arise. With this 
realization, the two upstream provinces concluded an apportionment 
agreement between themselves and Saskatchewan and Manitoba worked 
out a Similar agreement. Lastly, the Master Agreement incorporated 
the first two and added the federal government as the fourth party. 
Adoption of similar principles protecting a province's or territory's 
basic sovereignty in water management and protecting its future 
supplies for development at its own pace will undoubtedly be required 
as a prerequisite for cooperation agreements on other interprovincial 


basins. 


2.7.3 Constitutional Amendment 


With the exception of three Atlantic Provinces, all provincial and 
territorial water management options are subject to influences of 
activities in an upstream or neighbouring province. All provinces 
and territories are subject to water quality problems resulting from 
the long-range transport of air pollutants. Perhaps the time is 
ripe to consider development of an accord involving all provinces, 
territorial and the federal government incorporating objectives and 
management principles to protect the interests of each and encourage 
cooperation among all. If such could be accomplished, a practical 


goal would be to incorporate it in the Constitution. 


There is much experience to draw on. For example, while the particular 
apportionment formula selected by the prairie provinces could not be 
expected to be appropriate for other river systems, the Prairie 
Provinces Water Board has moved forward on water quality questions 

and has produced a set of general quality objectives that could prove 
useful for other interprovincial waters. In 1973, the Board agreed 

on a set of general water quality objectives based on a "universal 
user’ concept and not taking account of the individual characteristics 
of individual streams. These objectives, currently under review for 


possible amendment, would have application in other basins. 


In 1983, the Board produced both general and specific water quality 
requirements for the Alberta/Saskatchewan crossing of a specific 
river, the Beaver. The general requirements at least should have 


applicability elsewhere. 


Under the aegis of the Canadian Council of Resource and Environment 
Ministers, the provinces and federal government are developing a set 


of water quality guidelines for adoption on a national basis. 


- 18 - 


There are a variety of other federal/provincial agreements on different 
basins relating to Canada's international obligations under the 
Boundary Waters Treaty. The Canada/Ontario Agreement Respecting Great 
Lakes Water Quality (1971 and 1982) contain a set of principles 
respecting water quality management. The Canada /Québec/Ontario 
Respecting Ottawa River Basin Regulations (1983) contain principles 

to guide the regulation of flow for flood protection while maintaining 
the interests of hydroelectric production and other uses. These are 
the two most recent of a number of federal/provincial agreements on 


aspects of interjurisdictional water management. 


In the United States, the courts have settled a variety of interstate 
disputes, creating a body of principles on equitable apportionment 
along the way. The United Nations International Law Commission has 
made progress in enunciating principles respecting the non-navigational 
use of international watercourses. Perhaps it is time for provincial 
and territorial water managers to take a look at what has already been 
done in Canada and elsewhere and see if they could develop a set of 
interprovincial water management principles unique to the Canadian 


Situation. 


In the meantime, we are left with the provinces as the owners/managers 

of their internal waters constrained by the fisheries power to legislate 
management of the same resource as fish habitat, the federal power 

over navigation, the federal powers respecting boundary and international 


waters, and less well defined powers over interprovincial water management. 


3, FEDERAL WATER LEGISLATION 


Mende td! yephwrige of Ae He ed om 


c 
— is 
. #9) Crhaed,,: Ys ~ ; a ae 
salah Mereatin 1H oy! (ait Unt e eovied tansy bey 
Lid! phten juad ind stnsgeers, Tp oe moan 
Srig Seta rey toely Papsiatlow re A] peat 
Pe WMatrent of wilndjectilec ee 
he hs ax? Teer & & occ? rf futures 2 
Bicey OP hoerarisdictic-») yee OGRA, S 
ih She This Sige, PS axirm ghey aa nets Sener iteresere 
Ab endiey.. trqaling + bent, ~»@ Oy (ee ° olan Ope Raper inmaeat 
6} 2° ae 97 the Lp! wy wa 
mate gecshies 44 wea iat ik oe 8 


ay Pen ard yearn 


7 
af ae @e : 

ad te-vlt 4: wy Alera Bray a | ae 

oni ) Caen o) 8 : Ghietie® @ ASOE 7 

, S280) Gaps! Caer hi 2) a laos Yd -tiee ee ° 


? er ve 


ee pac ~owsthe oe cat, thay Comers eetapers 
+) 17 [am F : ae ame Clot tah Wet: 4p wegisiare 


Po ageey Gt ihe es aise wl élite leQychS. tieieral ae 
o» 9° qe oa View, > F ont o - : oy eaceeey wal ITD hy HTD 6 eiel 


Mmisiv, @@) Wve iti W? iner (apt Om woepeoiinczel Wai aangeaey;, 


- 19 - 


- 


3. FEDERAL WATER LEGISLATION 


Introduction 


Within the constitutional setting outlined in Chapter nae 

the federal government has enacted a variety of laws over 
the 4ears to, fulfill its responsibilities. With two notable 
exceptions, these laws are of a narrow regulatory nature 
designed to prohibit or control activities that could have 
detrimental effects on navigation, fish populations, health 


and the natural environment. 


Only the Canada Water Act and the Northern Inland Waters Act 
provide for a positive comprehensive management approach 
aimed at the optimization of benefits from Canada's water 
resources. Interestingly, both were debated and passed 


during the same session of Parliament in 1969-70. 


There are at least 10 acts that bear directly on water 
quality. These include, at one end of the spectrum, the 
very general provisions of the Department of Health and 
Welfare Act that simply state that the duties and powers of 
the Minister extend to and include all matters relating to 
the promotion and preservation of health of Canadians (S. 5). 
In contrast, Part II of the Canada Water Act defines a 
detailed organizational and methodological approach to water 
quality management (presented in such a way, however, that 

it is not likely to be used). In between are a number of 
regulatory acts dealing with certain categories of pollutants 
such as nuclear wastes and other persistent toxic chemicals. 
Only one act provides specifically for the control of a 
broad range of pollutants, and the purpose of that act is 


to protect fish rather than man. 


The following sections outline the major provisions of 
the more significant legislation related to water together 


with comments on the adequacy of the approach. 


GOVERNMENT ORGANIZATION ACT (1979) 


PARI Tid 


Department of the Environment 


Purpose 


To define the general responsibilities of the Minister of 


the Environment. 


Provisions 


Section 14 repeals Sections 5-7 of the Organization Act 
of 1970 ‘and substitutes: 


Section 5 defines the powers of the Minister to include: 


"(a) all matters over which Parliament 
has jurisdiction, not by law assigned to 
any other ... relating to- 


(i) 


(11) 
(iii) 
(iv) 
(v) 


(vi) 


the preservation and enhancement of 
the quality of the natural environ- 
ment, including water, air and soil 
quality, 
renewable resources, including 
migratory birds, 
water, 
meteorology, 

the enforcement of any rules or 
regulations made by the International 
Joint Commission ... as far as they 
relate to the preservation and 
enhancement of the quality of the 
natural environment, 
the coordination of the policies and 
programs of the Government ; 
respecting the ... quality of the 
environment." 


Section 6(1) defines duties the Minister shall undertake 


in relation to his powers outlined in Section 5, including: 


"(a) initiate, recommend and undertake 


(b) 


(c) 


programs and coordinate programs of the 
Government ... designed 


(i) to promote establishment or adoption 
of objectives or standards relating 
to environmental quarkity, or sro 
control pollution, 
(ii) to ensure that new federal projects 
are assessed early in the planning 
process for potential adverse effects 
on the quality of the natural environ- 
ment and that a further review is 
Carried out of those... prebdapilerto 
have significant adverse effects, 
(21) to provide: We Canadians! sf. Intormnauca:. 


promote..... Practices... lecuiny CO tie 
better preservation and enhancement of 
environmental quality, and cooperate with 


provincial governments ... or persons 
advise ... agencies of the Government on 
all matters«pertating, Cos... Guality, oT 


the environment." 


Section 6(2) authorizes the Minister to 


"by order, with the approval of the Governor 
in Council, establish guidelines (respecting 
environmental quality) for use by departments, 
boards and agencies of the Government and by 
(Crown) corporations and regulatory bodies." 


Section 6(3) authorizes the Minister, with Governor in 


Council approval, 


Comment 


The Act gives the Minister of the Environment the major 


federal role with respect to water and measures to control 


environmental quality factors that could directly or 


indirectly affect water quality. The Act does not go to 


the extent, however, of requiring that all federal projects 


to. enter, into, agreements with the provinces. 


conform to environmental requirements of the Minister. 
Reticent agencies may only have compliance pressures 
applied to them through the issuance of guidelines by 


the Minister, on the approval of the Governor in Council. 


In times of economic stress, the pressures to minimize 
costs may place environmental quality considerations in 
jeopardy with the Minister of the Environment but one 
among equals in a large Cabinet. In the interests of 
environmental quality maintenance and of assuring that 
all federal water related projects optimize the use of 
water, new legislation is desirable to require that 
federal projects, programs and activities likely to have 
significant environmental effects be subject to environ- 
mental assessment and approval of the Minister of the 


Environment. 
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CANADA WATER ACT (1970) 


(Department of the Environment) 


Purpose 


"To provide for the management of the water resources of 
Canada including research and the planning and implemen- 
tation of programs relating to the conservation, develop- 


ment and utilization of water resources." 
The Act was based on perceptions that: 


(a) demands on water resources were increasing rapidly 
and more knowledge was needed concerning their supply, 


demands thereon and the means for meeting the demands; 


(b) pollution had become a Signitacant threat.to-health, 
well-being and prosperity of Canadians, and that it 
had become a matter of urgent national concern that 
measures be taken in areas most critically affected; 
and, 


(c) comprehensive programs in cooperation with the provinces 
were required for research and planning of water 


resources to ensure their optimum use. 


Provisions 


PARTY I 
COMPREHENSIVE WATER RESOURCE MANAGEMENT 


Section 3 authorizes the Minister to enter a variety of 
consultative, advisory and coordinative arrangements with 


provinces on national, regional or river basin bases. 


Section 4 authorizes federal/provincial programs related to 


inventory, data collection, research, comprehensive manage- 


ment planning, project design, and the implementation 


of plans and projects. 


Section 5 provides for unilateral federal action for all 
or some of the functions outlined in Section 4 depending 


on specified conditions. 


The complete range of activities is authorized’ for federal 


waters, such as in the northern territories. 


Limited authority is provided for direct involvement in 
interprovincial, boundary and international waters where 

all reasonable efforts to reach federal-provincial agree- 
ments fail. For interprovincial waters, Governor in /Gouncil 
authority may be provided for the preparation of comprehensive 
management plans and the design of projects, but not their 
implementation. For boundary and international waters, the 
authority may be extended to include the implementation of 


plans or projects. 


Section 6 provides general authority for water research, 


data and inventory programs. 


Section 7 outlines provisions to be included in federal- 
provincial agreements including the sharing of assignments 


and costs. 


PART II 
WATER QUALITY MANAGEMENT 


Except for federal waters, Part II applies only to waters 
where water quality management has become a matter of 


urgent national concern (S. 9(a)). 


Sections 9 and 13.authorize federal-provincial.agreements 
to designate water quality management areas and to procure 
the incorporation of water quality management agencies to 
plan and carry out programs to: determine the nature and 
quality of current and anticipated wastes; recommend water 
quality standards; the kinds and amounts of wastes that 
may be deposited; treatment requirements; effluent dis- 


charge fees; and, waste treatment charges. 


On approval of a water quality management plan by ministers 
of the governments involved, a water quality management 
agency? may ibe mauthoriwed, tocs. decren, construct and operate 
waste treatment tacilaties:;, coltech waste treatment, fees 
and effluent discharge fees; monitor water quality; inspect 
treatment plants; and, do such other things .necessary for 


efi extive water quality management .€S). 13); 


Section 8 prohibits the deposit of wastes within water 
quality management areas except as prescribed for that 
area and with payment of any prescribed effluent discharge 


fees. 


Section 1i(L)<provides..ftor umilateral federal saction ‘on 
interjurisdictional waters of urgent national concern when 
all reasonable efforts to effect federal-provincial agree- 
ments have failed, or when such agreements are terminated 

on disagreement over water quality standards. The unilateral 
action may encompass all the functions outlined in Section 13 


for agencies set up under federal-provincial agreements. 


Section 11(2) provides for designation of water quality 
Management areas and the incorporation of agencies for 


federal waters. 


Section 16 authorizes the making of regulations for water 
quality management areas on the recommendation of the 
agency or jointly by the ministers who are parties to a 
federal/provincial agreement. Among other things 
regulations may cover: quantities of waste that may be 
discharged; water quality standards; waste treatment 


charges; and, effluent discharge fees. 


PRET 11% 
NUTRIENTS 


Part III relates to the regulation of cleaning agents and 
water conditioners containing nutrients that could promote 
aquatic plant growth and degrade the usefulness of water 


to man, or to animals, fish or plants useful to man. 


Section 18 prohibits the manufacture or import of cleaning 
agents or water conditioners containing prescribed nutrients 


in concentrations greater than prescribed. 


Section 19 allows regulations prescribing nutrients and 
their maximum concentrations in cleaning agents and water 


conditioners. 


Section 20 authorizes seizure of these products believed 


to be in violation of the regulations. 


PART IV 
GENERAL 


Sections 23 and 24 provide for inspectors and analysts 


and their duties. 


Section 26 authorizes the Minister to appoint advisory 


committees. 


Section 27 gives general authority to the Minister to 
publish information on the conservation, development and 


use of water resources. 


Section 36 requires submission of an annual report to 


Parliament on operations under the Act. 


Sections 22 to 24 relate to offenses. Anyone who deposits 
wastes in violation of regulations under Section 18 or 

who manufactures or imports cleaning agents or water 
conditioners in violation, of pegulations: under Section, 1s 
is Jaiabde. to a tine, upto, $5, 000etor each day the offence 


is committed. 
Comment 


The Canada Water Act introduced the concept of comprehensive 
multiple use water management to federal legislation. It 
supplanted the Canada Water Conservation Assistance Act 
under which the, federal government could contribute 37.5 
percent of the cost of works built for water conservation. 
It had been used primarily to support the construction of 


flood. control works. 


Part 1 of the Act permits federal cooperation with 
provinces in a full range of research, planning and project 


implementation where there is significant national interest. 


The title of Part II, Water Quality Management, is unfor- 
tunate for two reasons. It incorrectly implies that water 
quality management is excluded from the programs authorized 
in Part I, and it implies that the only approach permitted 
under the Act is the unique detailed water quality agency 


concept, defined in Part Ii. 


Part II introduces the concept of incorporated agencies 
to manage water quality on a user-pay principle. Except 
federal waters, however, the approach is only applicable 
in areas where water quality has become a matter of 


urgent national concern. 


When the Canada Water Bill was introduced in Parliament 
in 1969, some provinces felt that Part II was an affront 
to their pollution control programs and a threat to their 
jurisdiction over water. While Part II could be applied 
to any federal waters, it could only be applied to 
provincial waters the quality of which had become of 
urgent national concern. Since there were no water 
quality problems of note in the North, did this mean 

the federal government was about to decide that there 


were urgent national problems in provincial waters? 


Section 11 added a double-barreled threat of unilateral 
action. Not only was the federal government authorized 
to take unilateral action on interjurisdictional waters 
should all reasonable efforts to obtain federal-provincial 
agreements fail, the unilateral action threat was present 
even if provinces were to enter agreements under Part II. 
Should such an agreement be terminated because of a 
failure of governments to agree on recommended water 
quality standards, the federal government could take over, 
so to speak. This provision effectively eliminated any 
prospect of provinces entering water quality management 


agreements under Part II of the Act. 


Since Part II of the Act defines a specific approach to 
water quality management, it may well be that the same 
approach could not be incorporated in a federal-provincial 
agreement under the provisions of Part I which are less 


threatening to provincial sensitivities. This ,is 
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unfortunate, since the management concepts contained in 
Part II offer promise of ‘bringing economic pressures to 


bear on the producers of waste. 


A further criticism of Part ll Tsai nace teaser redctives 
being applicable to interjurisdictional waters only when 
water quality has deteriorated to the extent that it has 
become ofsurgent  nationaliconcern..e4fhis? 15 ein’ Contrast to 
Part I that stresses a forward-looking planning approach to 


optamize’ benefits, 


TT TSRECOMMENDEDY thatVPartsiieet the? Canada 
Waters ACt DE revised. Covextend its app lica= 
bility to areas where water quality is of 
Significant national interest. The provision 
for unilateral federal action should not be 
Similarly extended. 


Adoption of this approach may require the use of provincially 
incorporated agencies rather than federally incorporated 
ones to ensure that an agency's regulations would be held 


Valid by. the courts. 


Part III of the Act relating to the control of the manu- 
facture or import of cleaning agents and water conditioners 
was aimed directly at controlling the phosphate contents of 
laundry detergents that, at the time, had been identified 


aS a major causal factor of eutrophication of the Great Lakes. 


Once the Act came into force, an appropriate regulation 

was made. It was not until 1976 that federal regulation 

of other pollutants of significant national concern, such 

as persistent toxic substances, became possible under the 
Environmental Contaminants Act. With the availability of 

that Act, new regulatory powers over manufacturing, processing 
or importing of substances containing pollutants are not 
required under the Canada Water Act. 
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ENVIRONMENTAL CONTAMINANTS ACT (1976) 


(Departments of Environment and National Health & Welfare) 


Purpose 


The purpose of the Act is to protect human health and the 


environment from substances that contaminate the environment. 
Provisions 


Section 3(1) provides for importers, Mamiracturers Or 
processors of substances or classes of substances to 
provide the Minister with cata on the amounts involved, 


following publication of a notice by the Minister. 


Section 3(3) permits the Minister of the Environment or 
Minister of National Health to undertake research and 
make recommendations on substances suspected of entering 
the environment that may constitute a danger to human 


health or the environment. 


Section 3(4) allows the two ministers to appoint committees 
respecting measures to control any substance or class 
thereof, in the environment, to provide advice and to 


publish reports and recommendations. 


Sections 3(6) and (7) encourage cooperation with other 


federal departments and other governments. 


Section 3(8) provides for agreements with provinces to 
conduct investigations on substances suspected to constitute 


a danger to health or the environment. 


Section 4 provides for the Ministers of the Environment 
and National Health and Welfare to take certain actions 


when they believe a substance is entering the environment, 


or will, in an-“amount, concentration, oLr-under conditions 
that they believe constitutes aisignificant danger to 


human health or the environment. They may: 


- publish notice, requiring, anyone using the substance, or 
class“ thereos,, \dn commercial, manufacturing. ori processing 


activities to notify the Minister of the Environment; 


= require information on ‘the substance. oriclass;thereo: , 


fronsthesusers, and, 


- require importers and manufacturers of the substance or 
any product containing it to conduct tests specified by 


the Ministers. 


Section 4(6) requires first time manufacturers and importers 
of chemical compounds in amounts greater than 500 kilograms 
to notify the Minister of the name of compound, the amount 
manufactured or imported and information respecting any 


danger to human health or the environment. 


Section 7{1) provides for a formal schedule of substances, 
or classes thereof, that the two ministers believe are 

entering the environment, or will, in quantities, concen- 
trations or under conditions that constitute a sisniticant 


danger to Canada or an area thereof. 


Section 8(1) prohibits release into the environment, in 
the course of commercial, manufacturing or processing 
activities, of substances on the schedule except in 


accordance with regulations made under Section 18, 


including: 


- the maximum quantity or concentration that may be 


released; 
- conditions under which there may be no release; and, 


- geographical areas where the substances may not 


be released 


Section 8(2) prohibits for commercial, manufecturing or 
processing uses the import, manufacture, process, sale or 
knowing use of substances on the schedule in Canada, or 
in geographical areas prescribed by regulation under 


Section 18. 


Section 8(3) exempts from the strictures of S. 8 (2) 
materials that include scheduled substances adventiously 
and in a quantity or concentration consistent with good 


manufacturing practices. 


Section 8(4) prohibits the import, manufacture or knowing 
sale of products containing a scheduled substance in a 
quantity or concentration exceeding the prescribed 


maximum. 


Section 8(5) provides for fines up to $100,000 or two 


years imprisonment for contraventions of Section 8. 


Section 5(1) requires the Ministers of the Environment and 
National Health and Welfare to offer to consult with 
provinces and other federal agencies before recommending 
the addition of a substance to a schedule to regulate its 


release, import, manufacturing, processing and content in 


products. The purpose of consultation is to determine 
whether provinces will take appropriate action to eliminate 


the perceived danger to human health and environment. 


Secuion S12) requires the Minister of the Environment to 
publish proposed orders and regulations so that objections 
May -be filed (5.65 (05) 


If objections to proposed orders and regulations are filed, 
the Ministers are required under Section 6 to set up 
Environmental Contaminants Boards of Review to inquire 

into the nature and extent,of the danger posed by the 
substance in question, hear representations from interested 
parties, and submit a report with recommendations to the 


Ministers. The report must be published. 


Section 7(3) provides for, by=passang, the «consultation 
process in emergencies, although provision is made for 
the filing. of objections (6S. 72(4)) and appointment of 


Boards of Review pas required (So 2iP0s)): 


Sections 9 and 10 make appropriate provisions for analysts 


and inspectors and their authority. 


Sections 11 ,.l2 and 13 provide sioppselzanes retention, 


return or forfeiture of contaminant substances. 
Regulations 


To date, five substances or classes of substances have 
been placed on the Schedule and are regulated. These 
are: Chlorobiphenyls (PCB's), mirex, polybrominated 
biphenyls (PBB's), polychlorinated terphenyls (PCT's), 


and. chliorofivorocarbons. (CFC"'s)., 


Comment 


Unlike the Pest Control Products Act that requires 
manufacturers of new pesticide formulations to seek 
registration of their products before they may be sold 
and used in Canada, the Contaminants Act places the onus 
for action on government. The Ministers of the Environment 
and National Health and Welfare must come to the belief 
that a substance is entering the environment, or will do 
so, in a manner that they believe constitutes, or will 
constitute, a significant danger to human health or the 
environment (S. 4). Only then can they require importers 
or manufacturers to conduct tests to determine the safety 
of a product so that a judgment may be made concerning its 
use in Canada. Furthermore, manufacturers and importers 
are not required to report their use or sale of new 
substances unless more than 500 kilograms are involved 
snesntannoal basis (S:°4(6))2° Te ts conceivable, there- 
fore, that significant amounts of persistent toxic 
substances could build up in the environment unnoticed 


over a period of years. 


It is probable that the Act was drafted in this fashion 
with the knowledge that a comprehensive product approach 
process would impose long delays on the use of new 
chemicals and would undoubtedly overwhelm the limited 
toxicological resources of the government. The adopted 
approach does, however, accept 8 Tisk'-- 4 Tisk het 
government scientists will suspect the dangers inherent 
to the use of certain classes of chemicals, require 
appropriate testing, and impose indicated controls before 
significant danger to the environment or human health 


Occurs. 


It would seem appropriate at this stage to. place the fukl 
responsibility for signalling risks and proving the health 
and environmental safety of chemical substances on the 
industrial and commercial users. Such a step would more 
fully reflect the government 'S objective sof protecting 
environmental quality and to have the user pay to maintain 
that quality. It would also bring the Contaminants Act 


more.in line with. the. Pest Control PraductsiAct. 


IT IS RECOMMENDED that the Environmental 
Contaminants Act be revised to establish a 
chemical substances registration process 
under which anyone planning to engage in 
any commercial, manufacturing or processing 
activities involving chemical substances 
new to Canada would be required to notify 
the Minister of the Environment and to 
conduct appropriate tests to determine its 
safety to human health and the environment, 
upon which registration decisions may be 
based. The new Act should also provide for 
the evaluation and registration of chemical 
substances already in use. 


m= up 


INTERNATIONAL RIVER IMPROVEMENTS ACT (1955) 


(Department of the Environment) 


Purpose 


To provide for the regulation of construction, operation 
and maintenance of works on international rivers that would 
alter natural flows and interfere with use of the rivers 


outside Canada. 
Provisions 


Section 3 provides for regulations respecting the con- 
struction, operation and maintenance of international 
river improvements, the licensing thereof, and the 


exempting of any works from the operation of the Act. 


Section 4 specifies that a licence is required to construct, 


operate or maintain an international river improvement. 


Section 5 makes it an offense to violate the Act or any 
regulation with a penalty of up to ts 008 Or Live years 
imprisonment, or both for conviction on indictment or 


up to $500 and/or six months on summary conviction. 


Section 6 authorizes the Governor in Council to order 

any international river improvement in violation of the 

Act or regulations forfeited to Canada and removed, 
destroyed or otherwise disposed of, with the costs involved 


being recoverable from the owner. 


Section 7 exempts works constructed under a federal Act, 
situated within boundary waters, or built solely for 
domestic, sanitary, irrigation or other similar consump- 


tive .uses. 


Section 8 binds the provinces. 


Section 9 notes the applicability of provincial laws as 
long as theit provisions are- not in conflict. witht this 
Act. 


Comment 


This Act was passed when Canada found itself confronted 
by the Government of British Columbia that did not wish 
to await the Columbia River studies (IJC) and proposed to 
build a major dam on the Columbia River for a purpose not 


thought to be in the best interests of Canada. 


fiaForest (1968) felt that constitutronar iustimicaeion 1or 
the Act probably rests under the peace order and good 
government power since obstruction or diversions of 
international rivers could cause serious international 
incidents involving the country as a whole. He noted that 
the approach is. 


"reinforced by other doctrines tending 
to! take out. ef "pravincnak feontrokeany 
matters affecting the nations sover- 
Gignuty.” (p. 344) 


The exclusion of irrigation works from the provisions of 
the Act is interesting since such works could certainly 
alter natural flows and interfere with the downstream 

use of a river in the United States. It is probable that 
political pressures resulted in this exclusion to limit 
the range of applicability of an Act that was in fact 


aimed at one particular proposed storage reservoir. 


The Act appears to be further limited in not applying to 


water quality issues. 
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MIGRATORY BIRDS CONVENTION ACT 


{Department of the Environment) 


Purpose 


To ratify and implement the Migratory Birds Convention 
with the United States. 


Provisions 


Section 4(1) provides for the making of regulations "to 
protect the migratory game, migratory insectivorous and 


" 


migratory nongame birds... 
Regulations 
One regulation provides that 


"No person shall knowingly place, 

cause to be placed or in any manner 
permit the flow or entrance Or Di, 

oil wastes or substances harmful to 
migratory waterfowl into or upon 

waters frequented by migratory water- 
fowl or waters flowing into such waters 
or the ice covering such waters." 


Comment 


The articles of the Convention define migratory birds, 
close hunting seasons, special provisions for wood and 
eider ducks, taking of nests and eggs, export prohibi- 
tions, and provisions to kill protected birds under 
extraordinaty conditions. No references are made to 
pollution or the regulation thereof. The Act does, 
however, provide regulatory authority for "any purpose 


that may be deemed expedient for carrying out the 


s Act and the said Convention". These, 
ect to the terms of the Convention. 


intention of thi 


however, must be subj 


whl te 
FISHERIES ACT (1867-19758) 


(Department of Fisheries & Oceans 


Department of the Environment: Section 33) 


Purpose 


To provide for the protection and conservation of fisheries. 
Provisions 


Three important sections of the Act are directly related 

fo 715) habitat protection. Section 20 deals with obstruc- 
tions to fish passage. Section 31 deals with protection of 
habitat from physical disruption, while Section 33 relates 
to the deposit of deleterious substances in water. 


Section 34 provides for regulations. 


Section 20 authorizes the Minister to require the construc- 
tion, operation and maintenance Of Eishways? or canals 
around dams or other obstructions. Where fishways are 
inappropriate, the owner of a dam may be required to 
provide funds for the construction and operation of 
hatcheries for maintaining the annual return of migratory 
fish. 


The Minister may order the removal of unused obstructions 


and recover the costs of removal. 


Section 31 provides that "no one may carry on any under- 
taking that results in harmful alteration, disruption or 
destruction of fish habitat" unless approved by the 


Minister or by regulations under the Act. 


Habitat is defined broadly to include spawning, nursery, 
rearing, food supply and migratory areas depended upon 


by fish directly or indirectly. 


Fines of up to $50,000 tora first offense: andy ike 


$100,000 for suceeding offenses are provided for. 


section $3.1(1) authorizes the Minister te yequare.scup- 
mission of plans of work and information relating to the 
fish habitat Likely to be affected by a prepcsed activity. 
The Minister may require modifications to the plans to 
neet fash habitat requirements, but shall first orrer t¢ 


consult with interested provinces and federal agencies. 


Sectaons. 45(-15)) and) (2) prohiabtt tthe denosit soterdeleterious 
substances "in water frequented by fish, or in any place 
Or manner where such deleterious substances ... may enter 
such waters", unless in conformance with regulations under 


the Fisheries Act or other federal Act. 


Penalties) of up) to $50 ,000for a: aainst ptfense and up .to 
$100,000 for succeeding offenses are provided for. The 
owners of the deleterious substance deposited are liable 


for any consequent loss of income by commercial fishermen. 


Section 33(11) defines deleterious substances broadly to 
include any substance or water containing a substance, or 
heated water, that if added to a watercourse would be 
harmful to fish. 


Regulatory authority is provided to exempt certain 
deleterious substances from deposit in specified waters, 
in specified quantities or concentrations and under 


Specified conditions z 


Section 33.1(1) authorizing the Minister to seek plans of 
proposed undertakings and to order changes therein applies 
with respect to the deposit of deleterious substances as 


it does to habitat disturbance. 


In addition to providing for inspectors and their powers, 
Section 33.2 requires the reporting of spills or imminent 
spills of deleterious substances into waters and requires 
the owner or operator to take all reasonable means to 


prevent or counteract any spill that does occur. 


Again, fines are stipulated for those failing to submit 
requested plans and reports or failing to carry out under- 


takings in accordance with approved plans. 


Regulations 


(a) Deleterious Substances 


Effluent quality regulations have been prescribed for the 
pulp and paper; chlor-alkali; petroleum refining; metal 
mining; potato processing; and, meat and poultry products 


Industries. 
(b) British Columbia Gravel Removal Order, 


This regulation prohibits the removal from or disturbance 
of gravel in spawning grounds frequented by fish without 


a permit. 


(c) Fishway Obstructions Removal ‘Regulation, 


This regulation provides for the removal of any natural 
or casual obstruction interfering with the free passage 


Or. tis. 


Comment 


The Fisheries Act suffers in that it deals with only one 
component of natural resource management, the punitive 


regulatory component. There are no provisions for habitat 


inventory, planning habitat requirements, or development. 
This is a major deficiency since fish habitat is a resource 
within a resource, the water resource, from which man makes 
many demands in addition to the propagation of fish. While 
the restrictive approach of the Fisheries Act can protect 
fish habitat from man's non-fisheries uses to a certain 
extent, it cannot yield appropriate management of the 
resource in concert with man's other demands. By its 

very nature, the restrictive approach becomes a rearguard 
action, unless it were assumed that fish production was 

the country's pre-eminent demand on water resources. The 
restrictions could be so numerous as to prevent many other 


water uses. 


Some federal legislation does in fact suggest that the 
welfare of fish takes procedence over man. The Northern 
Inland Waters Act (NIWA) provides in Section 3(3) that 

none of its provisions or regulations or licences issued 
under it may authorize the alteration, diversion or storage 
of water in contravention of provisions of any other Act. 
Esseontially,. such provisions “install the Minister oF 
Fisheries as the judge over water resource development 


and use. 


These provisions along with the lack of recognition in 

the Fisheries Act of multiple or integrated resource 
management sometimes place fisheries officers in difficult 
confrontations with the proponents of other water uses 

and with federal and provincial agencies with other 
responsibilities. For instance, the legislated objective 
of the territorial water boards under Section 9 of the 
NIWA is to provide for the conservation, development and 
use of water in a manner that will yield optimum benefits. 
Obtaining that objective will at times be detrimental to 
fish habitat. 


The problem is one of objectives -- whether or not the 
overall.objective: is, to. benefit man.«. Jf, it is.,, it 
should be possible to make fish habitat management 
compatible with other aspects of water resource 


management. 


Looking: back. to. 186/7,. when. responsibilities for, fisheries 

and navigation were vested in the federal government, it 

is evident they were so assigned because of national 

importance to Canadians at the time, for their commercial 

anousupsistence uses, The definition of. Vdeleterious 

substance" in Section 33(11) is not as clearly supportive 

of man's benefit as the end objective of fisheries, but 

at least he is mentioned. The definition talks of 

degradation of the quality of water "so that it is rendered 
deleterious to fish or fish habitat, or to the use by 


man. perfisiht, ho: 


The definition of "waste" found in the Canada Water Act 

and the Northern Inland Waters Act clearly places the 
interests of man as primary. It talks about things that 

if added to waters could be "detrimental to their use by 
man or by any animal, fish or plant that is useful to man." 
Adoption of a similar definition for deleterious substances 
in the Fisheries Act would help clear the way for adoption 
of a comprehensive and multiple-use approach to fisheries 


management. 


Some might argue that the adoption of a multiple/ 

integrated-use policy for fisheries planning and manage- 
ment could mark a significant shift in the constitutional 
setting. Were the benefits from fisheries to be weighed 
against the benefits of other water uses in a development 


proposal, fisheries would sometimes come out the loser. 


The argument might be that this could not be allowed 
to happen because of the federal jurisdictional primacy 


for fisheries. 


History demonstrates, however, that the fishery has come 
out the loser more often that ‘not withsthe present légis- 
lative approach) Were «the Fisheries Act eamended 0 
provide for the planning and management of fish habitat 
in conjunction with other water uses, the result would 

be a more effective voice for fisheries interests and a 
stronger likelihood of achieving the itlusive optimum 


benefits from this habitat/water resource management. 


If fs RECOMMENDED that the Pisnherres Act "he 
changed to add provisions to Section 931 to 
allow for the conservation and development 

of fish habitat through comprehensive manage- 
ment progams in a multiple or integrated water 
resource context. The provision should be such 
that the existing prohibitory sections of 
Section 31 would only.be applicable in ithe 
absence of the new multiple-use planning 
approach. . 


Within any resource management context the suitability 

of national—-effluent Standards to control the quality “or 
fish habitat or water quality in general has long been 
debated. National standards result in strictures too 
weak in some locations, too strong in others. When first 
proposed, the Minister of the day talked about preventing 
the development of "pollution havens" in Canada. Perhaps 
the interest was more one of equalizing waste treatment 
engsts, across Canada than of protecting the frsnerves. 
Confronted with a superior jurisdictional power, 
provinces were willing to accept national standards only 
if they were to be national minima. Provinces would thus 
retain the authority to deal with individual local works 
and undertakings adding requirements more stringent 


than the national standards if required. 


National standards do have their appeal. They readily 
receive public acceptance since the federal government is 
generally expected to take a national approach to things. 
They give the impression of equitable treatment to. 
polluters. They are easy to apply to individual under = 
takings as opposed to devising site-specific requirements 
for each waste discharge. They provide industrial planners 
with at least an indication of what to anticipate from 
pollution control agencies. They also provide provincial 
authorities with solid bases on which to add more stringent 
site-specific requirements as required. Panally, <ne 
federal government traditionally adopts national regula- 
tions, being loath to allow its employees regulatory 


discretion. 


In spite of these advantages, the superior approach to 
maintaining fish habitat quality at gatistactory levels 
would be to base effluent requirements on water quality 
objectives established for the receiving waters. This 
would allow incorporating into the effluent quality 

formula the natural quality of watercourses, Enei?Y 
assimilative capacities for certain wastes, the 
sensitivities of native fish populations, and the 

impacts of waste discharges already present. The Fisheries 


Act requires amendment to allow adoption of this approach. 


IT IS RECOMMENDED that the national approach 

to effluent requirements be changed from one of 
required standards to one of basic effluent 
treatment guidelines. 


IT IS FURTHER RECOMMENDED that the Fisheries 
Act be amended to allow for adoption of site- 
specific industrial and municipal effluent _ 
requirements for the protection and conserva- 
tion of fisheries in a multiple/integrated 
use water management context. 
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CANADA SHIPPING ACT (1970-71-72) 
PART XX 
(Ministry of Transport) 


Purpose 


To provide for the control of pollution from ships 
(particularly ofl cankers); and the recovery of costs and 


damages from polluters and a specially created fund. 
Provisions 


Section 728(1) provides for regulations prohibiting the 


discharge of specified pollutants from ships. 


Section 728(2) requires the master of a ship to report 


actual and’ anticipated spills, of poliutants.. 


Section 729(1) authorizes the removal or destruction of 
ships in distress that are discharging pollutants, or are 
Lake yeas. 


Section 730(1) authorizes regulations prescribing substances 
as pollutants; defining spill reporting procedures; 
respécting all aspects of navigation; prescribing the 

types and amounts of pollutants carried; equipment to 
contain and clean up spills; retention of oily wastes; 


and, compulsory navigation routes. 


Sections 731 and 732 provide for the appointment of pollution 
prevention officers and their duties including Chat os 
ordering ships to report positions and to assist in a 
clean-up operation. Authority to seize ships believed to 


be in violation of Part XX is provided under Section 760(1). 


Section 734(1) makes owners of tankers and cargo owners 
jointly and severally liable for costs of pollutant clean- 


up and actual losses to Canada, a province or a person. 


Section 746(1) specifies that personal losses may include 


actual and anticipated income losses of fishermen. 


Section 735(1) in compliance with international convention 
defines the limited amounts recoverable from ship and 
cargo owners where an incident occurs without actual 


fault on their parts: 


Section 736(1) requires ship and cargo owners to provide 
evidence of financial responsibility for the amounts 
indicated in S. 735(1) prior to importing or exporting 


pollutants in bulk. 


Section 737(1) establishes a Maritime Pollution Claims 
Fund to pay unrecoverable clean-up costs, damages and 


fishermen's income losses. 


Section 748(1) provides for contributions to the Fund by 
regulation up to 15 cents per ton of oil imported or 


exported by ship. 


Section 738 provides for an Administrator of the Fund to 


review and settle claims against it. 


Punitive features of Part XX include fines up to $100,000 
for discharging pollutants contrary to regulation or for 
failing to report an actual or anticipated spill, or for 


failing to meet other regulations under S.730. 


Regulations 


A variety of regulations have been issued respecting 
safety in loading and unloading pollutants, navigation by 
tankers, maintenance of pollutant containment and clean- 
up equipment at loeading facilities and on tankers, -the 
safe discharge of oily mixtures and the discharge of 


water ballast. 
Comment 


Part XX of the Shipping Act applies to all Canadian waters 
excepting certain shipping safety control zones in the 
arctic ‘that are réegulated%under*the! Arctic Waters, Pollution 
Prevention “Act. 


The novel provision of the Maritimes Pollution Claims Fund 
should be considered for application to other potential 
pollution sources where the possibility exists that the 
responsible party cannot be brought before the courts or 
where there is a risk that the responsible party would be 
unable to defray pollution clean-up costs and related 
damages. The concept has already been recommended for 
adoption with respect to the long term protection of 
Government and individuals from possible pollution from 


abandoned mine operations (Mactavish, 1984). 
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NAVIGABLE WATERS PROTECTION ACT 


(Ministry of Transport) 
Purpose 
To protect the navigability of watercourses. 


Provisions 


Section 5(1) provides that 


"no work shall be built or placed in, 
upon, over, under, through or across 

any navigable waters unless the work 

and the site and plans thereof have been 
approved by the Minister ert tl 


Section 6(1): 


"Where any work ... is built or placed 
without having been approved ... the 
Minister may 


(a) order the owner of the work to remove 
or alter the work, 

(b) ... remove and destroy the work 
and 

(c) order any person to refrain from 
proceeding with the construction of 
the work. 4h" 


Section 9(3): 


"Where in the opinion of the Minister an 
existing lawful work has become a danger 
to or interference with navigation 

any rebuilding, repair or alteration 
shall be treated in the same manner as a 
new work." 


Section 19: 


'No person shall throw or deposit or cause, 
suffer or permit to be thrown or deposited 


any sawdust, edgings, slabs, bark or like 
rubbish of any description whatever that 
is liable to interiere with: navigation ..." 


section 20 prohibits the. deposit of 


"any stone, gravel, earth, cinders, ashes 
or other material or rubbish that is 
liable to sink to the bottom in any water 
any part of which is navigable or that 
flows into any navigable water ..." 


Section 23 allows the Minister to designate places where 


tubble or other materials may be deposited. 
Comment 


The Act provides strong powers to the federal government 
to protect the navigability of waters in harmony with 

its constitutional authority. The terms of the Act were 
not applied, however, with respect to the building or the 
Bennett Dam in the late 60'S, to the filling of its 
resevoir or to the operational regulation of its flow, 
all of which have influenced navigation. Even had the 
Act been applied, however, it is doubtful if such 
application could have prevented the ecological consequences 
in the Peace-Athabasca Delta. Such concerns are beyond 
the purview of the Act which is the maintenance of 


navigability. 
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PRAIRIE FARM REHABILITATION ACT (1935 


Purpose 


(Department of Agriculture) 


To provide for the rehabilitation of drought and soil 


drifting areas in Manitoba, Saskatchewan and Alberta. 


Provisions 


Sections 3 and 4 provide for Governor in Council appoint- 


ment of Prairie Farm Rehabilitation Committees to advise 


the Minist2r (currently, Agriculture) on methods 


Sectiom 7 


Section 9 


"to secure rehabilitation of the drought 
and soil drifting areas ... and promote 

systems of farm practice, tree 
culture, water supply, land utilization 
and land settlement that will afford 
greater economic security = 


provides for regulations 


"for the effectual execution and working 
of this Act and the attainment of the 
intention and objects thereof." 


authorizes the Minister to 


"undertake the development, construction, 
promotion, operation and maintenance of 
any project or scheme ... by virtue of 
this Act, or enter into agreements with 


any province, municipality or person with 
respect thereto." 


Section 9(2) requires that all single projects involving 


more than $15,000 in any fiscal year receive Treasury 


Board approval. 


Comment 


The Prairie Farm Rehabilitation Act is quite different 
from other federal water legislation. Rather than a 

management or regulatory Act, the PFRA established an 
agency as a water developer/operator, delivering water 


to farmers, groups of farmers and farm-based municipalities. 


The Act is somewhat of an enigma 50 years after it was 
enacted. **The roriginal 'drought=crrsiolthatesparnedri« 
has long since passed and much of the original task has 
been completed. ‘The*Act-applies+tojaesmall portian ot 
Canada's farm areas. It does not extend to all areas 


that experience drought conditions. 


The range of programs provided by PFRA could be provided 
by traditional federal agencies, or by provincial agencies 
perhaps with the cooperation of federal departments of 
Agriculture, Forestry and Environment. (This is discussed 
inumore detail in Chapter 10.) 


The archaic nature of the Act is found in Section 9 that 
requires each project ianvolving more than $15,000 to be 


approved by the Treasury Board. 


If the concept of:the Prairie Farm Rehabilitation. Act is 

to be maintained, the Act and agricultural policy should be 
changed to allow drought-proofing projects to be delivered 
to drought-prone farming regions throughout Canada. The 
Treasury Board approval strictures $shouldualso be brought 


up to date: 
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ATOMIC ENERGY CONTROL ACT (1953) 
(Atomic Energy Control Board) 


Purpose 


To provide for the control and supervision of the develop- 


ment, application and use of atomic energy 


Application 


The Act relates to radioactive substances and to any other 
substances, such as heavy water, that the Board may 
designate as required for vhe production, use or appli- 


cation, pf. atomic energy. 
Provisions 


Section 4 establishes the Atomic Energy Control Board to 
include the President of the National Research Council 


and four others appointed by the Governor in Council, 


Section 9 authorizes the Board, with the approval of the 

Governor in Council to make regulations: 

(a) for developing, controlling, supervising and licensing 
the production, application and use of atomic energy; 

(b) respecting mining and prospecting for prescribed 
substances; and, 

(c) regulating the production, import, export, transporta- 
tion, refining, possession, ownership, use or sale of 
prescribed substances and any other things the Board 


may decide are used for the production or use of 


atomic energy. 


Section 17 declares that all works and undertakings for 


(a) the production, use and application of atomic energy; 


(b) research and investigation respecting atomic energy; 
ana: 

(c) the production, refining or treatment of prescribed 
Substances ; 

are works for the general advantage of Canada, and are 


therefore, under federal jurisdiction. 


Comment 


The AEC Act thrusts another federal agency into the realm 
of pollution control for uranium mining, heavy water 
production, and nuclear electric plarts: Relationships 
with Environment Canada and provinces are discussed in 


Chapters; 


4, ORGANIZATION 


4. ORGANIZATION FOR WATER MANAGEMENT 


Introduction 


Water management gained prominence among federal endeavours 
in natural resources late in 1966 when the Water Resources 
Branch was moved from Northern Affairs and National Resources 
to Energy, Mines and Resources where it was combined with 

the marine sciences and hydrogeological groups. Water 
management was accorded the status of a departmental sector 


headed by an assistant deputy minister. 


The Second Session of the 28th Parliament (1969-70) was 
historic for the attention given to water matters. The 
Canada Water Act, Northern Inland Waters Act, Arctic Waters 
Pollution Prevention Act and amendments to strengthen the 


Fisheries Act and the Canada Shipping Act were all enacted. 


In 1970, through a Government Reorganization Act, the 
Department of Environment was established, bringing together 


much of the Government's expertise on environmental quality 
management. Fisheries, the water sector of Energy, Mines 

and Resources, part of the public health engineering group 

of National Health and Welfare, and the meteorological 
services of Transport were brought together with other 

groups including the Canadian Forestry Service and the 
Canadian Wildlife Service. The prominence of water manage- 
ment began to wane as environmental management began to 

emerge as a more integrated approach to dealing with problems 
of water, air and land pollution. An Environmental Protection 
Service was formed within the new department, assuming the 
functions of other sectors for the control of pollution. 

The status of the water management functions dropped a 

notch in the hierarchy of things to the level of a directorate, 


reporting with several others to an assistant deputy minister. 


ie) 


The consolidation of agencies with environmental quality 
mandates weakened in 1977 with the departure of the fisheries 
and marine sciences services to form the present Department 
of Fisheries and Oceans. Notably, however, they ieft behind 
the administration of Section 33 of the Fisheries Act dealing 


with water pollution control. 


Organizational changes will continue to occur from time to 
time as the Government identifies new priorities and responds 
to new challenges. While such changes occur, it is essential 
not to lose sight of basic objectives and policies that 
should provide a measure of consistency to the overall thrust 
of the Government's programs related to water resources. 
Interdepartmental cooperation will continue to be a vital 
element of the Government's management system. Emphasis 

must be placed on strengthening coordination systems and 


identifying centres of responsibility. 


(Ghbbapa-bene Departmental Roles 


Environment Canada has the central managerial-type role 
among departments involved in water resources management. 
It is responsible for the Government's policies and programs 
for both. water quantity and quality. It administers. the 
Canada Water Act, International Rivers Improvement AC. 
Environmental Contaminants Act (with National Health and 
Welfare), Section 33 of the Fisheries Act (pollution 
control), the Migratory Birds Convention Act, and the 
departmental Act that bestows authority for coordination 

of the Government's environmental programs. Responsibility 
for meteorology also rests with the Department. 

Within Environment Canada, there is a division of respon- 
sibilities between two services: the Environmental 
Conservation Service (ECS) and the Environmental Protection 


Service (EPS). The ECS, through its Inland Waters Directorate, 
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is responsible for the Canada Water Act and administers 
all aspects of the Department's roles respecting water 
quantity and quality except the regulatory aspects of 
water “piality. The EPS. carries out that role integrated 
with air and land pollution control. It is responsible 
for waste treatment technology development, technology 
transfer and the formulation of effluent quality regulations, 
guidelines and codes of good practice. It administers 
Section 33 of the Fisheries Act, the Environmental 
Contaminants Act, and advises the Atomic Energy Control 
Board on environmental protection aspects ofthe nuclear 


industry. 


Several other departments also play key regulatory roles 
with respect to specific heads of federal jurisdiction. 
These include: 
(a) Fisheries and Oceans - fish habitat management 
(b) Transport - navigation and shipping, 
including pollution control 
(c) National Health & Welfare - human health aspects of 
drinking water 
- Environmental Contaminants 
(d) Atomic Energy Control - pollution from nuclear 


Board facilities 


Others have direct operational foles in water management: 
(a) Public Works - operation of certain dams 
and canals, dredging of 


shipping channels 


(b) Transport - operation of navigational 
systems 
(c) PFRA - operation of reservoirs and 
irrigation systems 
(d) Indian Affairs & Northern - water management on Indian 
Development Reserves, Yukon and NWT 


- impacts of federal national 
policies on territorial water 


management practices 


Another group has important interests in water as developers 


in supportot «industries: 
(a) Agriculture 
(b) PFRA 


(c}VERersy, =Mittes and 
Resources 
(d) Regional Industrial 


Expansion 


water for farm productivity 
water supplies for farms 
and farm-based communities 


water for energy production 


water supplies for individual 
industries and community 


infrastructure 


Still others have. special /interests that «do not vires the 


category of general management, or the specific component 


of regulation, operation or development: 


(ajeNorthern vai fairs 


(b) External Affairs 


(oJ. sbednaday 


(d) Emergency Planning 


(e) Science and Technology 


impact of federal national 
policies on tenratorzat 
water management practices 
monitoring and negotiation 
of international treaties 
and agreements 

response to Canada-U.S. 
references under Boundary 
Waters ei réaty 

coordination .of &£foodimeliet 
and disaster compensation 
federal research and develop- 


ment policies 


While a variety of reorganizational possibilities could be 


considered, the present situation offers a reasonable 


situation and provides important separation of the managerial 


and developmental roles. A management agency should not be 


placed in the position of judging the merits of its own 


development proposals. 


One could question the separation of the regulatory aspects 
of water quality management from the monitoring, research, 
planning and allocation aspects. On the other hand, there 
are efficiencies in integrating the pollution regulatory 
functions for air, water and soil. It remains important, 
however, that the pollution regulator work to achieve the 
requirements of other agencies rather than attempt to 
determine its own needs. Agencies such as National Health 
and Welfare, Fisheries and Oceans, Agriculture, and the 
Canadian Wildlife Service have the expertise to determine 
water quality requirements. That expertise must not be 
duplicated in the control agency. The major requirement 
is achieving and maintaining close cooperation among all 
the many agencies involved so that the regulator, the 
Environmental Protection Service, is conversant with the 


water quality requirements of water users. 


Interdepartmental Coordination 


In 1968, when the Government was considering the Canada 
Water Bill, it recognized the need for improved inter- 
departmental cooperation and established the Interim Inter- 
departmental Committee on Water (ICW). The "interim" label 
presumed confirmation as a continuing committee following 
proclamation of the Canada Water Act. Terms of reference 


for the new ICW were: 


"to consider and approve all federal 
government water programs until a permanent 
mechanism was established, and that a 
committee of ministers should formulate a 
permanent mechanism for resolving inter- 
departmental conflicts on water programs, 
in the light of the proposed Canada Water 
Act and national water PoLicy..- 


The committee of ministers were never formed. Conflicts 
that were not resolved by the ICW itself presumably were 
worked out on an informal basis among ministers or on a 


formal basis at meetings of Cabinet committees. 


After the Canada Water Act became law, no action was taken 

to reconfirm the status of the ICW. It continued to perform 
its coordination and program approval functions through its 
original terms of reference until, in 1975, the Committee 
itself adopted revised terms of reference, in the understanding 
that they fulfilled the intent of the original 1968 Cabinet 


directive. These were: 


"1. To consider and recommend«onsall federal 
water policies and programs in order that 
all federal efforts are directed towards 
the same objectives. 


"2. To consider and advise the Minister of 
the Environment in regard to any agreement 
entered into with the provinces respecting 
the formulation and implementation of 
comprehensive basin and water quality 
management plans. 


"3. To ‘consider’ and) adviser onrother water 
policy and program matters of inter- 
departmental significance referred to 
it by any federal agency. 


"4. To conduct such studies as may be neces- 
sary to enable the Interdepartmental 
Committee on Water to advise or make 
recommendations to the Minister with 
respect “Co “the formukatinoms coordination 
and implementation of water policies and 
programs in Canada. 


"5S. To report when necessary to the Inter- 
departmental Committee on the Environment." 


The Interdepartmental Committee on the Environment, established 
in 1973 to propose ways and means of consolidating and 
strengthening the coordination process, soon became defunct. 
The ICW continued to report to the Cabinet through the 


Minister of the Environment. 


It is notable that the revised terms of reference provide 
for recommendations on all federal water policies and 
programs rather than approval. The choice of words is not 
really significant since it is the Cabinet that makes final 


decisions, not committees of officials. 


In its early days, the ICW played a significant role. 

Major federal initiatives were being developed including 
the Canada Water Bill, Northern Inland Waters Bill, amend- 
ments to the Fisheries Act and the Shipping Act. The first 
comprehensive river basin planning agreements were being 
negotiated with provinces. The need for coordination was 


strong and the ICW played its role. 


As time passed and fewer major initiatives were being 
proposed by departments, the ICW appeared to some to have 
waned in importance. Its continuing significance is attested 
to, however, by the apparent wish in some quarters that “It 
would simply fade away. There have been attempts to "end 
run" the Committee and seek Cabinet approval of programs 
without ICW recommendation. In the last few years, for 
example, PFRA has attempted to have irrigation programs 
approved without interdepartmental review. Fisheries and 
Oceans was reluctant to have their habitat policy proposal 


reviewed by the ICW. 


It is essential that an effective means exist to coordinate 
and integrate federal water programs, particularly in the 
current climate of financial restraint in combination with 
the growing complexity of water issues -- water shortages 
in the west and water pollution from non-point sources. 

The interests of the agricultural water developer, energy 
proponent, fish habitat manager and industrial stimulator 
must be drawn together in a forum to foster mutual under- 
standing and cooperation within a consistent federal water 


policy framework. 
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IT IS RECOMMENDED that the federal government 
formally reconfirm the existence of the ICW 
with the 1975 terms of reference, but 
excluding references to the defunct Inter- 
departmental Committee on the Environment. 


To ensure the effectiveness of the Committee, both the 
Privy Council Office and the Treasury Board should be 
admonished not to consider water program initiatives of 
departments without the advice of the ICW or the Minister 


of the Environment. 


If the ICW is to review and recommend on federal water 
initiatives, however, it is encumbent on the Government 

to draw up a considerably more explicit and detailed water 
policy than it now has. The last policy statement published 
wus in 1978.1 For the most part, its 16 components are but 


general statements of principle. For example: 


"The federal government is committed to 
the conservation, development and use of 
Canadian water resources for the greatest 
social and economic benefit of Canadians, 
including both present and future 
generations.) 


Such statements are fine as far as. they. go, but they do. not 
go far enough. Indeed, there are indications that they are 
primarily a collection of broad statements to support 
existing programs, rather than a comprehensive exposition 


of po lMtynJ0 For iexamp le, mod Leyewio fo stares. that. 


"The federal government is committed to 
the restoration and protection of water 
quality and the enhancement of aquatic 


1 Environment Canada ,»«LO76. tol Watahirescurce > vitedenal 
policy statement on inland waters. 


ecosystems through the development of 
water quality objectives to protect 

water uses, the application of national 
effluent regulations and guidelines to 
control pollution discharges at source; 
and the control of nutrients and chemical 
substances which can become dispersed in 
the environment." 


The "development of water quality objectives" suggests the 
use of site-specific requirements for the treatment of 
industrial and municipal wastes. The "application of 
national effluent regulations and guidelines" as a principle 
pollution control strategy does not lead to the attainment 
or maintenance of ambient water quality objectives. There 
are two different approaches here, one supported by the 
concepts of the Canada Water Act, and the other by the 
concepts of the Fisheries Act. They can be made compatible 
if articulated in more detail and supported by other measures; 
but the federal water policy statement does not provide that 


measure of articulation and integration. 


What is required is a set of working policies integrated 

into a comprehensive package. A working policy should 
contain three components: an objective; a strategy nor 
achieving the objectives; and, the timeframe of priority 
assigned to reaching the objective. These exist, for 
individual federal programs, but they remain to be integrated. 


The development of an action-oriented federal water policy 
should take place in an interdepartmental forum to ensure 


an end result that all agencies contribute to and can support. 


IT IS RECOMMENDED that the ICW be charged with 
developing and proposing a set of water manage- 
ment objectives, strategies and priorities that 
integrate the interests of the water manager, 
water developer, and water user departments. 


Federal-Provincial Cooperation 


There are a variety of forums to effect federal-provincial 
cooperation. The Canadian Council of Resource and 
Environment Ministers (CCREM) provides what might be 
described as a neutral forum at the national level. It is 
a consultative body of ministers from the provincial and the 
federal governments. Territorial Government ministers 
usually attend as well. As a non-voting forum, it has 
proven itself useful in developing common approaches to 
some difficult issues. Currently the CCREM has a task 
force of officials working, tovcollate water quality objec- 
tives used in Canada in an effort to produce common objiec= 


tives, for uses across, the -cauntra:. 


The Federal-Provincial Advisory Committee on Environmental 
and Occupational Health advises ministers of Health on 
water quality issues, including drinking water requirements. 
Under the Canada Water Act, at the bilateral level, a 

Var tery of options are available, ranging from formal 
meetings of ministers to informal meetings of provincial 
and federal regional staff. At the more formal level, 
Consultative Committees on Water were established in the 
'70's to provide for review of water Management issues by 
senior officials of each province and Environment Canada. 
Used fairly frequently a decade ago, few Consultative 
Committees continue to meet, apparently because neither 


side has felt the need to initiate Meetings, 2t this Jevel. 


Briefs submitted to the Inquiry from some provinces suggest 
an interest in renewing such senior level discussions. It 
is essential that senior provincial officials have access 

to senior staff in Ottawa, for it is there that federal 
policies are made. To remove any uncertainty about its 


willing to consult: 
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IT IS RECOMMENDED that the deputy minister 
of Environment Canada write to his counter- 
Pert At Sach province expressing interest 
in revitalizing the Consultative Committees 
on Water. 


An interesting initial subject for discussion at such meetings 
would be the forthcoming report of the Inquiry on Federal 
Water Policy. 


Other bilateral forums exist under federal-provincial 

Accords for the Protection and Enhancement of the Environment. 
These Accords, signed with eight of the ten provinces at the 
ministerial level in 1975, provided for cooperative efforts 

in environmental quality management and bilateral committees 
to oversee the implementation of the Accords and to consult 

on environmental matters. The Accords are commented on in 


more detail in Chapter 8. 


At the specific program level, each new federal-provincial 
agreement provides for some sort of bilteral arrangement to 
manage the program. Perhaps the issue here is not the 
availability of coordinating forums, but the fact that 
different cost-sharing arrangements are available depending 
on the federal department involved. Under the Canada Water 
Act, various planning and flood control agreements normally 
provide for 50-50 cost-sharing. Water quantity and quality 
monitoring agreements have sharing formulas determined by 
the relative federal and provincial interests in the data 
from each station. On the other hand, federal-provincial 
water development agreements offered by Regional Industrial 
Expandion or PFRA may provide for a significantly greater 
proportion of federal monies. This can cause difficulties 
for interdepartmental coordination of programs, with 
provinces playing one off against the other, seeking the 


sweetest deal. 
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An important distinction to be maintained with respect 

to cost-sharing is one between water management and water 
development programs. All federal water planning programs 
that provide for cost-sharing should employ the same 
formula... Different, ratios: that. may) apply to,waten, develop- 
ment projects should be justified on grounds other than 
water management policy. Provinces should be kept fully 
informed of the logic behind the various cost-sharing 


formulas adopted by federal agencies. 


Perhaps the most important aspect of federal-provincial 
consultations from:the provincial point of view is timing. 
Too often the consultation turns out to be an explanation 

of new federal policies or programs after decisions have 
been made in Ottawa. Provinces need to be more closely 
involved in the development of federal water policies that 
influence provincial water management. In spite of protests 
ahout uconfidentiality, it should bejpossible ta. discuss 
concepts under consideration for new federal legislation 


or programs without Violating »sthe rules .of Cabinet, secrecy. 


5. WATER MANAGEMENT DATA - QUANTITY 
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5S. WATER MANAGEMENT DATA - QUANTITY 
The Policy 


In January 1975, the federal government issued an Order- 
in-Council committing itself to a national water quantity 
survey with specific guidelines for determining the govern- 
ment's interests in each gauging station. Stations are to 
be designated as of federal interest, federal-provincial 

ar provincial. this classification determines the role 

of the federal government in constructing, operating and 
paying the costs of gauging stations. (The situation is 
different in Quebec where the province operates most of 

the network and the federal government pays the Province 


in accord with its interests in each station.) 


The objective of the Water Quantity Management Data 


program of Environment Canada is: 


"to cCOLlect, process. analyze >. SuoOre., 
interpret and provide complete and 
meaningful hydrometric (streamflow, water 
level, sediment, etc.) data on Canadian 
waters in cooperation with the provinces 
to aid in the conservation, development 
and use of Canadian water resources for 
the greatest social and economic benefit 
of Canadians, including both present and 
future generations." 


The Survey network gathers data on streamflow, water levels, 
and to a limited degree, sediment transport. The data are 
used by a variety of federal, provincial and industrial 
clients for flood flow forecasting and reservoir regulations 
planning and operation of hydro-electric facilities, 
irrigation, navigation, industrial and municipal works, 

as a basis for determining apportionment between provinces 
and among licensees, and to meet various requirements of 


international obligations and federal-provincial agreements. 


The government pays the full costs of "federal" stations 
and one half the cost of "federal-provincial" stations. 


The provinces pay the costs of "provincial" stations. 
"Federal" stations include: 


(a) those that are required under statutory obligations or 
Support programs of various federal agencies which 
include specific federal works, studies or investiga- 
tions, research projects, navigational requirements 


and management responsibilities; 


(b) those that monitor waters flowing across or which form 
part of provincial or territorial boundaries and where 
federal responsibility has been established by agree- 


ment or is justified by an inter-jurisdictional concern; 


(c) those on streams crossing or forming part of the inter- 
national boundary for which there are federal respon- 
sibilities arising from treaties, agreements, studies 


Sr Tit, Uruers. anc. 


(d) those required to define a national inventory of surface 
waters including information on trends in major drainage 
basins, total surface water resources and significant 


discharge to the oceans. 
"Federal-provincial™ stations include: 


(a) those where both governments have stated an interest 


in the need for the information; 


(b) thosé where joint responsibility is established under 


federal-provincial agreement; and, 


(c) those that provide an assessment of the quantity of water 


available in distinct hydrologic zones within a province. 


uw 
. 


bo 


ua. 


"Provincial" stations are those whose data are required 
in support of specific provincial projects, including 


municipal and non-governmental interests. 


The Program 


As of April 1982, the network included 3,074 stations, an 
increase of 235 since the program was formalized by federal- 
provincial agreements in 1975. Of this total, 1,182 were 
classified as federal stations, 871 were federal-provincial 
and 1,021 were of provincial interest only. Data from an 
additional 321 stations contributed by other agencies, 
located primarily in Québec, Ontario and Alberta, brought 
the total network to 3,395 reporting stations. Sediment 


data were obtained from only 104 stations of the network.1 


Total program costs in 1982-83 were $18,870,700 to which 

the provinces contributed $4,634,200, leaving a net federal 
cost of $14,236,500. Canada paid an additional $665,400 to 
Québec for data obtained from its network bringing the total 
federal cost to $14,901,900. 


A total of some 356 person-years of employment were used 
for the water survey in 1982-83, a slight decrease since 
1975 even though the network had grown by 8% during the 


period. 
Previous Evaluations 


An independent evaluation of the program made in 1977 by 
Acres Consulting Services Ltd., indicated a benefit/cost 


ratio of eight to one C822) 


l Environment Canada, 1984. Water quantity surveys federal- 
provincial cost-sharing agreements. Annual Report 1982-85. 


An internal evaluation was completed in 1980.2 


The study 
identified a number of deficiencies, most of which have 
been addressed and largely overcome. Among the more 


important issues and responses were the following: 


(a) The governments' restraint program had reduced the 
ability to respond to requests from provinces for the 
addition of new stations to the network as provided 
for under terms of formal federal-provincial agreements. 
The issue was not so much one of funding since half or 
all funds were to be contributed by the provinces making 
the requests. The problem was that of obtaining man- 
power to operate the stations. Person-years dedicated 
to the water quantity program has decreased from 363 to 346 
between 1975-76 and 1980-81 while the number of gauging 
stations had increased by 7%. Manpower had been 
stretched. to the’ extent that? hewi stationse could only! be 
added with further reduction im ability. tooanalyze: data, 
evaluate and plan the network. The situation has been 
partly rectified by the addition of some 26 person-years 


to the program: 


(b) The Water Survey of Canada had been slow in employing 
new technologies for collecting and processing data 
from remote locations. Approval was received in 1982-83 
for tthe addition of 350 data collection platforms! mover 
a five-year period. These stations transmit data through 
satellites to a receiving station: in the United States 


and thence by ground lines. 


The program still requires improvement to reduce costs 


and the loss of data through ground line transmission 


1 Environment Canada, 1980. An evaluation of the hydro- 
metric surveys component EMS water management data program, 
No. 51. Project Ref. No., DOE/EMS.4.79/80. 


from the receiving station. This could be overcome 
with the establishment of three Canadian receiving 
stations. The Department is preparing proposals to 
establish such stations for the joint use of water 


survey and meteorological stations. 


(c) The Department was criticized for not assuming a more 
assertive role in analyzing and interpreting data, 
confining itself to collection, processing and archiving 
functions. In response, mini-computers have been 
obtained for headquarters and regional offices to allow 
for some preliminary data analysis, interpretation and 


network evaluation. 


Outstanding Issues 


beess Level and Type of Data Services 


Clients are constantly seeking data on a faster near-real- 
time basis. Use of satellites for transmission of data 

from automated data collection platforms only whets the 
appetite of the users for flood forecasting, reservoir 
regulation, irrigation operations, navigation controls, 

and so forth. To meet the demand, the Water Survey of 
Canada will have to develop a more comprehensive publication 


and distribution system for hydrological information. 


At the same time, demands are growing for information on 
parameters in addition to streamflow, levels and sediments. 
Data on water quality, temperature, hydraulics of flow, as 
well as snow and ice are becoming increasingly important 

as inputs to water resource management models. More compre- 
hensive data on ice conditions is sought for predicting 
spring break-up and the formation of ice jams. Atmospheric 
data on rainfall, termperature and humidities is also sought 


from remote locations. 


IT IS RECOMMENDED that the Water Survey of 
Canada, in cooperation with the Atmospheric 
Environment, continue to pursue a comprehen- 
Sive network of automated data collection 
platforms in inaccessible areas of Canada 7 
together with the development of a satellite/ 
computer based data communication and distri- 
bution system and with the establishment of 
satellite data receiving “stations in ‘Canada. 
To meet demands, new parameters, particularly 
water temperature, should be added at 
selected stations. 


Providing data on a near-real-time basis and on a larger 
number of factors will increase costs. At the present 
time, Water Survey data are supplied on request at no charge. 
This is not consistent with meteorological data available 
from the Atmospheric Environment Service of the same depart- 
ment where service charges sometimes apply. Environment 
Canada's services should adopt common recovery policies 

to help defray rising costs and to help ensure that demands 


for data are in response to real needs. 


IT IS RECOMMENDED that Environment Canada 
review the data distribution systems of its 
various services with the intention of applying 
a cost-recovery policy for data supplied to 
clients who are not party to federal-provincial 
data gathering agreements. 


5.4.2 Analytical and Interpretive Tools 


The advent of sophisticated computer models and analysis 
techniques offer important opportunities for water managers. 
Opportunities for improved accuracy and efficiency lie in 
the intensive analysis of existing data to achieve optimum 
network design, to apply data from monitored watersheds to 


those that are not, and to improve operational procedures. 


ey a 


While it is now possible to identify redundancies in 
existing networks, the ability to predetermine the best 


mix and location of stations is just emerging. 


IT IS RECOMMENDED that the Inland Waters Direc- 
torate receive increased resources to strengthen 
the statistical analysis and modelling capability 
of its new Hydrology Division.with a five-year 
objective of a net increase in network efficiency. 


5.4.3 Sediment Survey 


The Department has only a very small complement of 11 person- 
years employed on sediment survey and analysis. Basic data 
are now collected from over 100 sites but too little expertise 
is available for analyzing and interpreting data, or planning 
an effective network. The majority of sampling stations 

for routine sediment data have been established for specific 
project needs of clients. Fluvial morphological surveys 

to assess the dynamics of rivers, lakes and reservoirs as 

a result of erosion and sedimentation have been carried out 

on an ad hoc basis at the request of other agencies such as 


the Prairie Provinces Water Board. 


Other federal and provincial agencies conduct sediment 

studies related to their particular interests such as 
determining the impacts of man's activities on fish habitat, 
tracing pathways of toxic substances, estimating the potential 
impact of sediment on proposed reservoirs, and determining 
dredging requirements for shipping channels. There appear 

to be opportunities for increasing the effectiveness of 

these various sediment related programs through improved 
coordination. For example, a well designed sediment survey 

by the Water Survey of Canada could respond to the needs of 


those interested in tracing the movements of toxic substances. 


Morphological studies of rivers used for commercial shipping 
could identify ways to change sedimentation patterns and 
the need for expensive dredging. There seems to be a 
missing, catalyst, however, in, that. there, is* no particular 
centre of stream morphology expertise within the federal 


government. 


IT IS RECOMMENDED that Environment Canada 
employ the Interdepartmental Committee on 
Water to undertake a comprehensive review 

of sediment related issues of interest to 
federal agencies and examine the potential 

for improving the effectiveness and efficiency 
of programs through mutual support or integra- 
tion into a centre of excellence. 


iad) = Snow endweice Monitoring 


In 1980, a basic glacier volume-change monitoring program 
in Alberta and British Columbia was discontinued to allow 
reallocation of resources. to,.pmograms, of highen priority. 
Yet the advance or retreat of glaciers is reportedly sensi- 
tive to very small changes in average temperatures and 
monitoring such changes could provide early warnings of 
climatic changes associated with atmospheric carbon dioxide 


Dui ld-jip,. 


The Inland Waters Directorate has also found it necessary 

to reduce its involvement in monitoring the water equivalent 
of winter snow accumulations, restricting itself to those 
areas where federal-provincial flood forecasting agreements 


are in place. 


Recent advances in satellite imagery, its interpretation, 
and automatic data telemetry systems offer intriguing 
prospects to study glacier dynamics and the water content of 


snow accumulation with the expenditure of little manpower. 


Since both glacial ice and snow accumulated over the 
winter period are essentially reservoirs of water, data 
on their condition is extremely valuable to water resource 


managers in virtually all areas of water use. 


IT IS -RECOMMENDED that the Inland Waters Direc- 
torate be given the responsibility to develop 
remote sensing procedures and automatic data 
acquisition instrumentation with the aim of 
applying the results of glacier volume-change 
and snow condition monitoring programs to meet 
the requirements of water resource managers. 


5.4.5 “Information Services 


Users of water resources and related data often are unaware 
of all the series of information that are available, where 


they may be obtained and at what cost. 


IT IS RECOMMENDED that Environment Canada 
provide a coordinated information service and 
publish a directory of water related data and 
sources thereof. 


Challenges for the Pubixre 


According to recent observations, Canada may be moving from 
a sustained period of fairly predictable seasonal climatic 
conditions to a period of more dramatic swings in weather 
systems. At the same time, speculation is growing that 
major change in climate may be expected over the next few 
decades as a consequence of increasing concentrations of 
atmospheric carbon dioxide and the "greenhouse" effect it 
may initiate. 

These changes may be expected to cause an increase in the 
number of severe flood events on the one hand an the occur- 


rence of more frequent and extended periods of drought on 


the other. Demands for flood hazard reduction measures 
like forecasting services and storage reservoirs may be 
expected to increase. Requirements for irrigation will 
alsc rise. These increasing pressures will be in addition 
to the usual growing demands for water for hydroelectric 


€acilities, industrial and municipal services. 


Demands may well increase in some basins to the extent that 
they will surpass supplies and lead to a growing number of 


interbasin transfers. 


Wise response to the anticipated pressures on water supplies 
can only evolve from a sound knowledge base of availability 
gathered over an extended period of time to ensure an under- 


Standing of the extremes that may occur. 


Thirty years of continuous records are often required ito 
yield adequate data for planning purposes; but even that 
may not be enough. For example, there has been no flooding 
in the Calgary area on the Bow River in the last 52 years, 
but there were seven significant floods there in the 


preceding 35 years. 


As Canada's population and economic development continue to 
grow, possibly confronted with greater variability of 
weather systems combined with a gradual overall change in 
climatic conditions, the needs for knowledge of water 
supplies can only be expected to increase. The Water 
Survey of Canada fills a significant portion of the need, 
but improvements will be required as water management 
becomes more intensive in response to increasing demands 
and diminishing "surpluses" with which to meet them. Some 


of the improvements needed have been outlined above. 


The Water Survey of Canada fits the jurisdictional setting 
of mixed responsibilities for water management and 
provides the important elements of standardization of 
sampling methods, minimized duplication of sampling by 
different agencies, and a common data storage and 
distribution system. These factors all contribute to 

cost effectiveness, and the federal-provincial cost- 
sharing arrangements reasonably reflect user values for 
the data. 


It is essential to maintain a single national agency for 
basic water resource data collection, storage and 
dissemination. The single agency concept ensures the 
integrity of data, enables the maximization of useful 
information contained in the data, and inhibits duplica- 
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6. WATER MANAGEMENT DATA - QUALITY 


Introduction 


The Water Quality Branch of Environment Canada provides 
ambient water quality data and interpretive information on 
international, interprovincial and, other waters of signifi- 
cant national interest. It operates a monitoring program 
through its regional offices by collecting samples from 
some 670 stations across Canada, analyzing these samples 

in the national laboratory and entering the data in the 
computerized National Water Quality Data Bank (NAQUADAT). 
These data are used to define the health of Canada's water 
resources, delineate areas of pollution, detect emerging 
pollution problems, identify transboundary movement of 
pollutants, provide baseline water quality data for environ- 
mental assessments of proposed developments, formulate 
regulations, develop water quality criteria and objectives, 
develop water pollution abatement programs and evaluate 

the effectiveness of such abatement programs, and meet the 
federal government's obligations under applicable legisla- 
tion, federal-provincial and international agreements and 


treaties. 


Surface waters represent the major class of samples analyzed 
in these laboratories but other aquatic substrates such as 
precipitation, sediment and aquatic organisms are also 
analyzed. Approximately 50,000 samples are analyzed 


annually. 


In addition to monitoring water quality and making this 
information available, the Water Quality Branch recommends 
water quality objectives for Canada. A water quality 
objective is expressed either as a concentration of a 


constituent or as a description of the body of water. 


The initial water quality monitoring program of the federal 
government, Starting in the 1930s, was industry -criented, 
measuring natural chemistry parameters and specific 
conductance, suspended solids and turbidity. The Inter- 
national Hydrological Decade (1964-74) led many countries 
to monitor water quality as part of a global undertaking. 
Canada set up a national monitoring network of approxi- 
mately 1,000 stations with regional analysis laboratories 
in Calgary, Moncton and Ottawa. Part of this network was 
established in direct response to International Joint 
Commission studies of the Great Lakes, St. Lawrence, 

St. Croix, Red and Rainy Rivers as well as’‘the’-carrison 
Diversion Project. Other components were installed as 


part of féderal-provincial river basin planning exercises. 


Following the A-Base review of Environment Canada in the 
mid-1970's, the definition of Significant national concern 
seemed to change. The national water quality network was 
required to beat a hasty retreat to the borders, primarily 
the Canada-U.S. border, where Canada has both explicit 
jurisdiction and commitments to the IJC. Other stations 
were retained on interprovincial waters where Canada had 
made monitoring commitments, such as to the Prairie 


Provinces Water Board. 


In 1982, the government reappraised its role in light of 
Significant water quality problems that where showing up. 
It agreed to the establishment of a new national water 
quality network based on federal-provincial cost-sharing 
agreements. Forty new person-years and an annual budget 
of $2 million were allocated, with some cost recovery 
from provinces entering agreements. Areas of significant 
national concern included monitoring for the impacts of 


acid rain ana toxic substances. 


bo 


The National Water Quality Assessment Policy 


The objectives of the new water quality assessment program 
are to: 


(1) provide sceintific and technical information and advice 
to governments, private agencies and the public; and, 
(2) detect emerging water quality problems and to evaluate 


issues from regional and national points of view. 


More specifically, water quality monitoring objectives are to: 


(a) determine changes and long-term trends in water quality; 
(b) detect emerging quality problems; 
(c) determine the effectiveness of regulatory measures; and, 


(d) assess the need for special investigations. 


The strategy adopted is to negotiate federal-provincial 
monitoring and cost-sharing agreements. Networks are to 

be based on river basin requirements. Cost-sharing arrange- 
ments, similar to those of the Water Survey of Canada, are 
to be determined on the basis of federal and provincial 
interest in each station. Federal interests relate to 
international and interprovincial waters, the North, federal 
lands, and the pervasive problems of toxic chemicals, long- 


range transport of air pollutants, and nutrient controls. 


Issues of priority concern addressed by the national water 
quality assessment program include the ambient quality of 
the Great Lakes and other international waters across the 
country. Along with routine assessment programs on behalf 
of the government, special studies are carried out to advise 
the International Joint Commission. The identification of 
toxic substances and determination of their concentrations, 
through sophisticated laboratory techniques, has become a 


major preoccupation of the program. 


tl 
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On interprovincial, provincial-territorial, and provincial 
waters priority issues include determination of the effects 
of industrial and agricultural development and the insidious 


rmpects ofPacia’ rain 


To ensure consistency and comparability of results, all 
provincial laboratories that may be employed in the program 
will be coordinated with Environment Canada's quality 


controls. 
The New National Monitoring Program 


The new national water quality assessment program, to be 
developed through federal-provincial agreements, will 
yield a national monitoring network integrating the needs 
of federal and provincial governments, and providing a 
National Water Quality Bank (NAQUADAT) containing 
comparable data obtained through sophisticated and stan- 


dardized analytical techniques. 


The only federal-provincial agreement in place to date 
is with Quebec. Negotiations are well advanced, however, 
with Newfoundland, Alberta and British Columbia. 


The determination of cost-sharing arrangements for 
individual stations is based on the interests of the two 
governments and on negotiation. In Québec, for example, 
the "federal" stations include networks on transboundary 
waters, along the St. Lawrence, in Nouveau Québec, and 

an acid rain network covering some 30 lakes. The majority 
of "federal-provincial" and "provincial" stations are on 
tributaries to the St. Lawrence. The "federal-provincial" 
Stations include a 48 station toxic chemicals network. In 
total, there are 478 stations, 27.4% of which have been 
designated as "federal", 37.0% as "federal-provincial", and 
35.6% as "provincial". The Province operates the majority 
of the network. 


Vital to the success of water quality monitoring are 
sophisticated laboratory facilities with strict quality 
control of analysis procedures. Environment Canada 
operates a national laboratory at Burlington, Ontario and 
regional ones at Moncton, Longueil, Saskatoon and Vancouver. 
These facilities conduct analyses for time-sensitive 
parameters such as dissolved oxygen, pH and conductivity. 
The National Water Quality Laboratory at the Canada Centre 
for Inland Waters, Burlington, is being expanded to handle 
the complex and expensive analyses for toxic chemicals and 
dissolved metals on a national basis. Where provincial 
laboratories are to be used, the agreements will provide 


for quality control by Environment Canada. 


Program Administration 


Federal interests in network and sub-network design are 
determined through consultation among the services within 
Environment Canada and with other interested agencies such 


as Fisheries and Oceans. 


New resource allocation to the federal-provincial water 
quality network began in 1983-84 with 6 person-years and 
$471,000. As the program develops to a full national 
network, a total of 40 person-years and an annual outlay 
of $2.05 million is expected to be required, of which 
about 68% would be recovered from participating govern- 


ments. The network should be complete by 1986-87. 


Comment 


The adoption of the federal-provincial cost-sharing agreement 


approach for the water quality monitoring program is another 
example of cooperative arrangements that enhance coordination, 


improve data compatibility and promote efficient use of 


available resources. 


The objectives of the monitoring program can only be met 

by maintaining the network on a long-term continuing basis. 
This requires long-term commitment of funds, something 
governments prefer to avoid so that resources may_ be 
reallocated in response to changing priorities. Acceptance 
of the formal agreement process will help to ensure a 
continuing commitment of resources, but does not guarantee 
it. To maintain support, it is essential: that as experience 
with the network develops, it be refined through analyses of 
station location, parameters monitored, sampling frequency 
and sampling methods. The possible advantages of combining 
some water quality sampling needs with the water quantity 
monitoring network need to be explored in greater depth 

than seems to have been the case to date. Suspended 
sediment quality analysis may become more meaningful if 
coordinated with the monitoring of river morphology 
augmented by sediment core analyses for contaminants. 
Several quality factors such as pH and conductivity may 

be amenable to automatic sensing and data transmission 

from the Water Survey of Canada's expanding network of 


data collection platforms. 


IT IS RECOMMENDED that the design of national 
networks for water quality and water quantity 
monitoring be thoroughly examined for oppor- 

tunities of mutual support and cost economies. 


In spite of the fact that the federal government has full 
responsibility for water management in Yukon and the 
Northwest Territories, the water quality monitoring 

network has yet to be expanded into those regions. The 
Department of Indian Affairs and Northern Development does, 
however, maintain a water quality surveillance program of 
industrial and municipal facilities. While not of highest 
priority, at least a skeletal component of the network is 


needed to follow up on early indications of acid rain and 


other airborne pollutants, to monitor for potential 
influences of tar sands operations in Alberta, as well as 
to maintain long-term surveillance of streams below 


abandoned mine sites. 


The national water quality monitoring network is, or will 
become, a vital intelligence component in Canada's water 
and environmental quality management systems. Its data, 
in combination with that from the Water Survey of Canada, 
will provide the basis for intelligent water development 


and regulatory planning. 


The final comment of the previous chapter applies to the 
national water quality monitoring network as well. The 
combining of federal, provincial and industrial interests 
in a cost-shared and work-shared program is the most 


efficient approach tn the Canadian context. 


IT IS RECOMMENDED that the federal government 
maintain a long-term commitment to the national 
water quality assessment program. 
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7. PLANNING 


7. PLANNING 
Introduction 


The concept of water resources planning, comprehensive 
planning in particular, was introduced as a federal policy 
in. the Canada Water Act (1970). Prior to that time, 
federal involvement with the provinces had been limited 

to the involvement in engineering, benefit-cost analysis 
and financial contributions to flood control projects 
under the Canada Water Conservation Assistance Act (1953). 
The multi-purpose planning and management concept gained 
popularity with the growing awareness that pollution from 
industrial and municipal sources was disrupting or making 
other uses more expensive in eastern Canada, that Canada 
was experiencing a period of rapid growth with new and 
competing demands on water resources, and that actual or 
perceived shortages in western Canada and the United States 
posed critical problems of conservation and apportionment 


to sustain economic and social development. 


The river basin planning program implemented under the 
Canada Water Act has been described in detail by Brulé, 
Quinn, Weibe and Mitchell (1981). Its main features are 
outlined here to provide the background for comment and 
recommendation, and one specific planning strategy, the 
flood damage reduction program, is described in some 


detail in Chapter 9. 


Objective 


The basic objective of Environment Canada's water planning 


policy is embodied in the preamble of the Canada Water Act; 


“SI 


A 


vee ethe Parliament tof Ganada is 
desirous ... that comprehensive programs 
be undertaken ... in cooperation with the 
provincial governments ... in relation to 
water resources for research and planning 
and for their conservation, develop-- 
ment and utilization to ensure their 
optimum use for the benefit of all 
Canadians." 


Strategy 


Section 4 of the Act provides authority to the responsible 
Minister to enter into agreements with Provinces “VLC 
formulate comprehensive water resource management plans" 


where there is a "significant national interest". 


The operational strategy involves federal-provincial con- 
Sultations that lead to the identification of candidate 
river basins for joint comprehensive planning, or single- 
issue planning respecting problems of federal and provincial 
concern. Formal agreements define the nature of planning 


Studies and provide for 50:50 cost-sharing. 


Cooperation of federal and provincial agencies most 
initmately concerned with water management is achieved 
through appointment of their representatives to the super- 
visory board established to management the program and the 
apportionment of some of the funding to them to provide 


for studies of special interest to these agencies. 


Canada Water Act planning agreements are restricted almost 
entirely to interjurisdictional river basins, to-rivers 
important to salmon, or to river systems in the territories -- 
that is, water courses where the federal government has some 
jurisdiction over water. There have been minor Sxceptionus. 
but the guiding rule seems to be one of concentrating on 


waters with federal responsibilities. 


The Program 


Initially, the federal government was a strong proponent 
of comprehensive multi-purpose planning exercises.: Studies 
of the Qu'Appelle, Okanagan, Souris, Saint John and 
Shubenacadie-Stewiacke basins are examples. It became 
evident at an early date, however, that most provinces 
preferred concentrating planning activities on specific 
issues, or opted to concentrate on detailed planning at 
the local level. The federal policy has been flexible 
enough to respond to the single issue approach, the most 
outstanding initiative being its flood hazard reduction 
program introduced in 1975. (This program is discussed in 
some detail in Chapter 9.) Detailed planning at the local 
level, as exemplified by some of the programs of Ontario's 
Conservation Authorities, has usually been perceived as 
outside federal jurisdiction by both the provinces and the 


federal government. 


In addition to multiple purpose planning, several agreements 
have been restricted to water quality aspects. These have 
included Lake Winnipeg, the Ottawa River and the St. Lawrence 
River. Several studies have concentrated on flow regulation. 
Studies of the Ottawa River and Montreal region pertained 

to flow regulation for flood control, hydroelectric power 


generation, navigation, recreation and water quality needs. 


Ecological problems were the centrepiece of studies of the 
Peace-Athabasca Delta. The studies were designed to find 
ways to mitigate the impact of a new hydroelectric dam 
upstream. Ecological studies of north shore tributaries 
of the St. Lawrence were conducted to facilitate impact 


assessments of future major development proposals. 


Two joint studies have been directed at issues of indivi- 
dual cities. A study of the Waterford River flowing 
through St. John's, Newfoundland, was designed to examine 
the impact. of urbanization on the watercourse and to 
prepare development «criteria to protect its’ ‘In the 
Charlottetown area, a study of the local ground water 


aquifer potential. to supply the city has been completed. 


Implementation of planning study recommendations has 
occurred in several ways. In some cases, there has been 
formal implementation as was the case for the Qu'Appelle 
River 6%] tetas instance, the funding arrangements of 
several agencies were coordinated by the Department of 
Regional Economic Expansion. The implementation agreement 
for the Okanagan included CMHC loan funds for municipal 
sewage treatment and Canada Water Act contributions for 
improvements to flood control works.» Inasome *caSés;. no 
formal implementation agreements were signed, but arrange- 
ments were made to involve the funding programs of 
appropriate federal departments. This was the case with 


the ssouris “River Basin istudy: 


In other instances, the majority of recommendations were 
more appropriate to entirely provincial implementation. 

This was apparently the situation with the Shubenacadie- 
Stewiacke Basin study and the water quality study of the 


St. Lawrence. 
Comment 


The shifting emphasis away from comprehensive river basin 
planning is indicated in Table 7.1. Of the Inland Waters 
Directorates (totabiresources fof, $300 92905000uandebs@33 


person-years of employment, less than 1% was used for 


river basin planning. These figures exclude the flood 
damage reduction program, which has become Environment 
Canada's major planning program. In 1983-84, for example, 
$9,323,000 and 31.5 person-years were dedicated to the 
flood damage reduction program. 


Tape.) 


CANADA WATER ACT RIVER BASIN PLANNING 
ENVIRONMENT CANADA EXPENDITURES 


YEAR $000 PERSON-YEARS 
1979-80 L,el2 32.0 
1980-81 1,835 21.9 
1981-82 1,374 21.8 
1982-83 939 9.2 
1983-84 1,062 8.8 


The Inland Waters Directorate has been very conservative 

in its judgments as to what constitutes "significant 

national concern", the principal criterion on which federal 
participation in water resources planning programs is decided. 
With few exemptions, it has confined its involvement to 
situations where the federal government has a clear 
jurisdictional role respecting water. This is unfortunate. 
There are other federal roles in the national interest that 
require careful water planning and management. Regional 
economic development is one. Protecting public health is 


another. 


While it is quite appropriate for a department with a 
resource management-type function not to become involved 


in water development projects that may receive federal 
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Support in the regional development context, it is approp- 
riate to be involved in planning for the optimum use of 
water for regional development. The purpose of the 

Canada Water Act provides for this role as does 
Environment Canada's definition of "significant national 


interest". 


Why then has the Inland Waters Directorate not offered to 
assist Prince Edward Island in assessing the notential of 

its ground water aquifers to support economic development? 
Why has no program been offered to monitor the quality of 

the Island's ground water, already known to be contaminated 
in some locations by agricultural pesticides? . The-Prince 
Edward Island economy is virtually dependent on ground water. 
It is obviously in the national interest to determine the 
extent and capacities of the aquifers, their quality, and 
their susceptibility to pollution by salt water intrusion 


from below or pesticides from above. 


Prince Edward Island's ground water is but one example of 
an area where there would be "significant national concern" 
albeit no federal jurisdiction with respect to the water 
itself. Other regions of Canada are Similarly dependent 

on ground water, yet the Inland Waters Directorate has 

been reluctant to get involved, unless an aquifer happens 
to straddle a provincial boundary. This is a mistake, 
faving fo. fulfill a responsibility in an aspect of water 


management of "significant national interest". 


IT IS RECOMMENDED that the Inland Waters 
Directorate, Environment Canada, reassess 
its role respoecting water management for 
regional economic development, particularly 
in those regions dependent on ground water.- 


IT IS FURTHER RECOMMENDED that the Inland 
Waters Directorate develop closer ties 
with the Department of Regional Industrial 
Expansion so that it may help identify and 
respond to water research, monitoring and 
planning needs in support of regional 
development policies and programs. 
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8. REGULATION 


8. REGULATION 
Introduction 


The federal government plays advisory, operational, 
legislative and advocative roles respecting the regulation 
of water levels and flows, navigation, shipping, pollution 
and fish habitat. This brief chapter concentrates on the 
last two because they sometimes lead to federal-provincial 
and interdepartmental frictions. Some of the other regula- 
tory roles must at least be mentioned, however, because of 
their considerable importance. They tend to be taken for 
granted because they operate smoothly, even though some 

of them stem from what were difficult interprovincial or 
international problems. A few examples of the federal 
roles in regulating water quantity are outlined in the 


following section. 


Regulating Water Quantity 


8.2.1 Federal-frovincial Arrangements 


Environment Canada and PFRA sit on the Prairie Provinces 
Water Board. Environment Canada chairs the Board, provides 
50% of its budget ($352,000 in 1983-84), and undertakes the 
streamflow and quality monitoring required by the Board in 
implementing the apportionment agreements. The Board under- 
takes specific investigations related to the apportionment 
agreement, and some of these are conducted by Environment 
Canada. Examples include a study of return flows from 

major irrigation systems and reservoir evaporation 


estimation models. 


In 1983, Canada, Ontario and Quebec entered an Agreement 
Respecting Ottawa River Basin Regulations. Under this 
agreement, the Ottawa River is regulated, taking account 

of the interests of hydro-power production, flood protection, 
navigation, low water problems, recreation and water quality 
factors. Canada, through Environment Canada, provides a 
snalilesecretariat, contributes to technical studies 


required and, supplies 507 0f the funding required. 


Since 1919, Canada and Ontario have participated in the 
Lake of the Woods Control Board. Manitoba became a full 
partner in 1958. Established under the Lake of the Woods 
Control Board Act, the Board regulates the outflows of 

Lake of the Woods and Lac Seul to achieve conditions 
Satisfactory to the various interests. A permanent 
engineering group/secretariat is maintained. by the Inland 
Waters Directorate of Environment Canada.  Ganada pays 
one-third of the costs based on its interest in navigation, 
while the two provinces share the remainder in proportion 


to the developed hydroelectric power developed in each. 
8.2.2 International Arrangements 


For international waters, federal managers represent Canada 

on 12 Boards of Control reporting to the IJC on the super- 
vision of Canada-U.S. agreements respecting the levels and 
flows of lakes and rivers. Environment Canada, Fisheries 

and Oceans, and Transport supply the required water monitoring 
data. The Boards of Control regulate the St. Lawrence, 
Nigvata. ot Croix, Rainy River, Lake of the Woods. Sotiris. 
St. Mary-Milk, Osoyoos, and Columbia Rivers, and Lakes 


Superior, Kootenay and Champlain. 


The IJC has also appointed a number of investigative- 
engineering boards to assist in responding to Canada-U.S. 
references respecting the regulation of boundary water flows 
and levels. Experts from Environment Canada serve on these 
Boards and perform investigative studies required. There 
are investigative-engineering boards examining quantitive 
and qualitative issues on the Souris -and Red Rivers, 
Garrison Diversion, Lake Erie Regulation, Great Lakes 
Diversion and Consumption, Poplar River Quality and a 


Great Lakes Levels Advisory Board. 


Several Canada-U.S. water regulation agreements are the 
substance of special treaties and do not fall under the 
aegis of the IJC. These include the Columbia River Treaty 
Permanent Engineering Board, Lake Memphremagog Board, and 
the Niagara Treaty Board. Again, Board membership and 
technical data are supplies by federal agencies, primarily 


Environment Canada. 


Unfortunately, no separate estimates of financial and 
personnel resources committed to these international regula- 
tory bodies are available, but they obviously amount to a 
substantial base load, particularly for the Inland Waters 
Directorate of Environment Canada. Their significance 

must not be forgotten when personnel and financial quotas 


are set each year. 
Regulating Water Quality 
8.3.1 Introduction 


The federal government provides for the protection of water 
quality through both direct and indirect means. ' Indirect 
approaches include, among others, provisions of the Clean 
Air Act, Transportation of Dangerous Goods Act, Pest Control 
Products Act, and the Environmental Contaminants Act. Only 


the last two have been dealt with in this review. 


The major shortcomings of the Environmental Contaminants 
Act, arevaddressed.in Chapters 2 and 23. Both Environment 
Canada and National Health and Welfare are aware of its 
deficiencies including the painfully slow implementation 
procedures that the Act requires. The urgency of revising 
the Act.into_a truly useful tool for protecting human 
health and the environment cannot be over-emphasized. The 
public assumes that the necessary regulatory tools are 
already in place. They are not. Revision of the Act 


should be one of the Government's top priorities. 


The following discussion concentrates on fish habitat 
management for-two regsons. First, it 1s the traditional 
jurisdictional basis for federal involvement with water 
pollution control at the local and national levels. Second, 
itthas been the subject of difficult, federal—-provincial 


relations and interdepartmental frictions. 
8.3.2 Fish Habitat Management 
Sine oe NeLOCRC ELON 


Jurisdiction over fisheries has provided the federal govern- 
ment with its principal power over water pollution at the 
local or regional levels. The pertinent sections of the 


Fisheries Act were outlined in Chapter 2. 


In 1983, the Department of Fisheries and Oceans published 
a discussion paper in which it outlined a proposed fish 
habitat management policy.1+ While the policy has not been 
finalized, it is not expected to be changed to any 
substantial degree. It applies to both the physical dis- 
ruption and the chemical pollution of fish habitat. 


1 Fisheries and Oceans, 1983. Toward a fish habitat manage- 
ment policy for the Department of Fisheries & Oceans, Ottawa. 


Cvs. oee “USPECt Ive 


The overall objectives proposed by Fisheries and Oceans 


are. 


"to conserve, restore and develop 
fish habitats .o.improve. the produc- 
tion of Canada’s fisheries resources 
for the benefit of present and future 
generations." 


The sub-objectives are: 


"(a) to prevent damage to fish habitats 
supporting Canada's fisheries 
resources; 
tosrestore-ftish habitats. an.selected 
areas where economic or social bene- 
fits can be achieved through the 
fisheries resource; and, 

(c) to develop fish habitats in selected 
areas where the production of fisheries 
resources can be improved for the 
social and economic benefit of 
Canadians." 


The basic principle behind the policy is that there will 
be no net loss of the productive capacity of those habitats 


that support Canada's fisheries resources. 


S43:, 26 Strategies 


The objectives would be obtained through implementation of 


the following strategies: 


(a) enforcing the Fisheries Act and incorporating habitat 


protection requirements in land and water use activities 


and projects; 


(b) participation in cooperative resource planning to 
incorporate fish habitat priorities in air, ‘Land-"and 


water management ; 


fe) “Consultation with the public on major or controversial 
fish habitat issues and on the development of 


habitat policies and legislation; 


(d) encouragement of community involvement in the conserva- 


tion, restoration and development of fish habitat; 


(e) restoration of the productive capacity of firs habitat, 


directly or in cooperation with others, 


(f) investment to improve the natural productivity of 
habitats where economically feasible or socially 


desirable: “and, 


(g) scientific research on the conservation, restoration 


and development of fish habitats. 


8.3.2.4 Strategy Implementation 


Fisheries and Oceans face real difficulties in attempting 
to implement its new fish habitat management policy. 

First, the Fisheries Act, the principal legal tool fOr 
implementing the policy, is administered by the inland 
provinces, rather than Fisheries and Oceans. Second, 
Section 33 of that Act is administered by the Environmental 
Protection Service of Environment Canada. Fisheries and 
Oceans must either foster new levels of cooperation or 

find a way to retrieve the administration of their 


legislation. . 


Complicating the issue of administration of the Fisheries 


Act by provinces is the recent opinion of the Department of 


~*AMIA)OT = 


Justice to the effect that the administration of sections 
of legislation providing ministerial discretion cannot be 
delegated. Section 31 of the Fisheries Act, dealing with 
the harmful alteration, disruption or destruction of fish 
habitat, is implemented primarily through discretionary 

powers; therefore, the inland provinces are administering 
federal legislation, a component of which they apparently 


are not empowered to deal with. 


To date, the dilemma is unresolved. Fisheries and Oceans 
have long since withdrawn from day-to-day management of 

all fisheries in Ontario, Manitoba, Saskatchewan and 

Alberta and the fresh water fisheries of Quebec and 

British Columbia, excepting salmon. The federal government's 
traditional interests have been concentrated on the commercial 
fisheries and consequently their fresh water habitat 
interests were largely confined to the Great Lakes and 

Lake Winnipeg regions plus the waters used by the anadromous 
salmon. The Department must now find a way to influence 
decisions or developments intruding on fish habitats through- 


out the provinces. How can this be done? 


ee te Physical Disruption of Habitat 


Fisheries and Oceans have adopted two approaches in coastal 
provinces where it still administers the Fisheries Act. 

In New Brunswick and Nova Scotia, where there are fairly 
sophisticated water use licensing systems, referral 
procedures have been developed through which Fisheries and 
Oceans personnel have the opportunity to contribute to the 
terms and conditions of licences. The approach appears to 


have produced reasonable results. 


For both Newfoundland and coastal British Columbia, the 
Department has established its own approval system. 


Shoreline developers or water users must seek approval 
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from Fisheries and Oceans as well as obtaining the usual 
provincial permit or licence. A duel review system of 

this nature presents a high risk or both federal-provincial 
conflict and licence applicant frustration. There must be 
ways to build on the approaches used in the Maritimes to 


effect a single cooperative approval system. 


Achievement of a federal-provincial approach may well 

require a modification of Fisheries and Oceans "no net loss" 
working principle for fish habitat management. Adoption of 
the principle is understandable. In the benefit-cost 
analysis of most projects, fish habitat would come out the 
loser. The fisheries manager sees a gradual dimunition of 
habitat quality and quantity and calls out fourd Nake. ~ From 
a socio-economic point of view, however, a rigid application 
of the principle would not stand the test in many situations. 
The Department will have to develop a rather.clear_set.of 
working strategies that will permit an element of flexibility 


in 1ts approach *te pro) est proposal. reviews. 


IT IS RECOMMENDED that Fisheries and Oceans 
seek the cooperation of the ICW and provincial 
departments in developing a working manual for 
implementation of its fish habitat policy. 


If this approach proves successful, the obstacles to developing 
a simple, cooperatively administered water/fish habitat 


licensing system would be largely overcome. 


$/302°6. Chemical Disruption of Habitat 


Section 33 of the Fisheries Act covers the regulation of 
deposits of substances deleterious to fa sigs Yhys enters 
departmental agreement it is administered by the Environmental 


Protection Service (EPS) of Environment Canada. Through 


ah 


Accords for the Protection and Enhancement of the 

Environment, the provinces, in turn, have undertaken to 
implement "national baseline requirements" for specific 
industrial groups and effluents. Thus, with respect to 
chemical pollutants, Fisheries and Oceans finds itself 


two steps removed from the effluent producers. 


Until 1977, EPS concerned itself with the development of 
national effluent quality regulations that were issued 

under the Fisheries Act. At that time the government 
apparently became reluctant to issue additional regulations. 
EPS has continue to develop guidelines and codes of good 
industrial practice for use by the provinces in establishing 


pollution control requirements. 


There have been instances, particularly in coastal British 
Columbia, where habitat managers of Fisheries and Oceans 

have felt that measures applied by the Province with the 
apparent concurrence of EPS were insufficient to protect 
important fish habitat areas. In these situations, Fisheries 
and Oceans has dealt directly with the industry involved. 
This type of situation should not be allowed to prevail. 


It creates too much uncertainty for industry. 


It is understood that a new memorandum of understanding is 
being worked out between Fisheries and Oceans and Environment 
(EPS) to deal with the difficulties, but its contents are 

not available. The arrangements eventually agreed to 


should consider the following points. 


First, the federal government must decide whether or not 
it is going to exert a regulatory role. Since 1977, there 
has been some doubt as to its intentions. Adding to this 
doubt is a new approach adopted by EPS a few years ago -- 
an advocacy role -- a role in which EPS would publicly 


draw attention to pollution issues and recommend measures 
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for dealing with them. Having merits in its own right, 


the advocacy approach implies a reduced federal regulatory 


program, or it seems to. It may be perceived as a 
thrusting of responsibilities onto the provinces -- making 
them the "bad guys" so to speak. "Bad'.to industry for 


demanding expensive pollution control measures and "bad" 
to public for not being stringent enough. How can the 
Situation be clarified, agency involvement Simplified, 


the public satisfied; and fish habitat protected? 


IT IS RECOMMENDED that the federal govern- 
ment adopt the following principles 
respecting its involvement with fish 
habitat quality management and other 
aspects of water pollution control within 
VESPIUTISCd Teta Oni 


1. The government shall exercise its 
jurisdictional responsibilities respec= 
tingswater pollutionicontrois 


2. The government shall maintain a Single 
water pollution regulatory agency (EPS) 
to set and enforce effluent quality 
requirements. 


3. EPS shall continue to establish minimum 
national baseline requirements for 
industrial effluents. 


4. National minimum baseline requirements 
will be based on the advice of National 
Health & Welfare, Fisheries & Oceans, 
the Canadian Wildlife Service and other 
departments as appropriate, industry 
and the provinces. ; 


5. Site-specific requirements for an indivi- 
dual industrial location shall be determined 
by Fisheries & Oceans in consultation with 
thesprovince), sovthat they may be integrated 
with other socio-economic needs. 


6. Environment Canada and Fisheries & Oceans 
shall endeavour to negotiate new "accords" 
with the provinces whereby provinces will 
undertake to administer federal require- 
ments, with appropriate provisions for 
federal cost-sharing of this administration. 
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8.3.3  Federal-Provincial Cooperation 


The desirability of combining the water pollution control 
strategies of the federal and provincial governments was 
recognized in the early '70's and eventually culminated 
as part of agreements known as Accords for the Protection 
and Enhancement of Environmental Quality. The intent was 
to provide a "one window" approach to the public so that 


industries would only have one bureaucracy to deal with. 


The degree of success of the Accords would be described 
differently in different parts of the country. In some 
coastal provinces, frictions sill exist with provinces 
perceiving some national baseline standards to be closer 

to standards based on best available technology and 

beyond the requirements of fisheries protection. As 

already noted, however, Fisheries and Oceans have complained 
that in some situations, the requirements are not stringent 
enough. Probably all would agree that the Accords were a 


step in the right direction. How could they be improved? 


When the Accords were first negotiated, the main issue 

was the implementation of the requirements of Section 33 of 
the Fisheries Act. Although the Accords provided for 
consultation on a broad range of environmental issues and 
anticipated additional agreements on various programs related 
to pollution control, sub-agreements have not evolved. 


The concentration has been on effluent quality regulation. 


Since 1975, new issues have become prominent. Acid rain, 

toxic substances and the disposal of hazardous wastes are 
examples. The federal government has enacted the Environmental 
Contaminants Act providing for control of substances dangerous 
to human health or environmental quality. Fiscal restraint 

at both levels of government makes duplication of effort 


even less tolerable than before. New Accords are needed 


involving more components of Environment Canada than EPS, 

and drawing on the expertise of National Health and Welfare 
to encompass this broader range of priority concerns and to 
Stimulate the evolution of sub-agreements on priority issues. 
Sub-agreements should treat cost-sharing and work-sharing 


as well. as ‘the’ traditional "who ‘does what", 


It is understood that initial discussions have already 
begun with some provinces toward the negotiation of new 


Accords and this initiative is applauded. 


IT IS RECOMMENDED that Environment Canada 
pursue discussions with provinces to develop 
new agreements for cooperation on environ- 
mental management under which sub-agreements 
would be fostered on specific issues where 
work-sharing and cost-sharing would be 
emphasized. 


9. FLOOD DAMAGE REDUCTION PROGRAM 
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9. FLOOD DAMAGE REDUCTION PROGRAM 


Introduction 


With few exceptions, Canada's population and economic 
investments have occurred along its major watercourses, 
often in flood-prone river valleys. . In recent memory, 
major floods of disaster proportions have occurred in the 
lower Fraser Valley (1948), Winnipeg (1950), Toronto (1954), 
Montreal (1974 and 1976), the St. John River Valley (1973), 
and the Red River Valley (1979). 


In addition to providing emergency flood fighting and 
evacuation assistance, the government has provided financial 
disaster relief to help restore flood-damaged homes and 
public facilities. Prior to 1970, financial assistance 
decisions were on an "ad hoc" basis. In 1970, a formal 
policy was adopted to assist provincial governments when 
costs exceed what a provincial government could reasonably 
be expected to pay. As per capita costs and damages 
increase to a provincial government, federal cost-sharing 


increases progressively as follows: 


Provincial Costs Per Capita Federal 
Eligible for Sharing Share 


First dollar 

Second and third dollars 5 

Fourth and fifth dollars 75% 
9 


Excess 


From 1970 to 1982, more than $80 million had been 


contributed by the federal government. 
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Besides disaster relief, the government has contributed to 
the costs of constructing structural works -- dykes and 
dams. Included have been the Winnipeg Floodway, Red River 
Community Dyking, the Shellmouth Reservoir, and the 
Assiniboine River Diversion among others. Under the Canada 
Water Conservation Assistance Act (1953), assistance under 
a fixed sharing formula was available for the construction 
of works for water conservation. Ontario made use of this 
Act to help finance flood control works in the metropolitan 
Toronto and Upper Thames regions. Some $70 million were 
contributed to these projects. The Fraser River Flood 
Control Agreement provides for a joint total expenditure 

of $120 million of which more than $100 million have been 
expended. The implementation agreements that followed 

the comprehensive river basin studies of the Qu'Appelle 

and Okanagan contained funds for flood control works. 

Some $9 million of federal contributions were committed to 
the Qu'Appelle and $1.5 million to the Okanagan. 


As the population and industrial development of flood- 
prone areas continues to grow so does the potential for 
major disasters. Without land use regulations, dyking may 
actually encourage development in low lying areas and 


increase the risk of eventual disasters. 


The Flood Damage Reduction Policy 


In 1975, the Government adopted a more comprehensive approach 
with the objective of reducing future potential flood 

losses. Delivered through Environment Canada, the basic 
objective of the program is to discourage development on 
flood-prone lands and subsequent claims for disaster assis- 
tance and proposals to construct expansive structural 

flood control works. The strategy has been to enter 50:50 


cost-sharing agreements with each province to: 
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(a) map and designate flood risk areas and floodways therein 
as appropriate; 

(b) discourage new damage prone developments within the 
designated areas; and, 

(c) examine all practical structural and non-structural 
alternatives and make selections based on effectiveness, 


cost, corollary benefits and environmental impact. 


The General Agreements also provide that in those situations 
where floodways are designated within the designated flood 
risk areas, federal and provincial assistance progr ms may 
be applied outside the floodway but within the designated 
flood risk areas as long as any undertakings so constructed 


are adequately flood proofed. 


Flood Risk Mapping Agreements that accompany the General 
Agreements provide a list of populated flood-prone <~eas 
for which flood risk areas and, if appropriate, floodways 
are to be mapped. The technical hydrologic, hydraulic 
survey and mapping specifications are set out. Provision 
is. made for the Ministers to designate flood risk areas. 
Provisions are also included for the publication of maps 
and reports, their circulation to appropriate authorities 
and people and the initiation of a public information 


program. 


A major precondition of the program was to gain the 
cooperation of the numerous federal agencies whose own 
programs could influence development in flood-prone areas. 
Agreements were effected through the Interdepartmental 
Committee on Water and confirmed by the Government. It was 
agreed that development assistance programs would not be 
available for undertakings within flood risk areas as 
designated through the federal-provincial Flood Damage 


Reduction Program. Major assistance programs under the 
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Regional Incentives Development Act and the National 

Housing Act, for example, are not available in the designated 
areas.” ' ‘The federal «disas ter ‘financial vassistance *program will 
not apply to damages to new structures built in the designated 
areas. Numerous other federal agencies have agreed to take 
account of the commitments and constraints of the Flood 


Damage Reduction Program. 


Where programs support land uses that are suitable to flood- 
prone areas, particularly those of the Department of 


Agricuiture, they are not affected by the" designation processes. 


Where flood damage reduction measures seem to be required 
within the designated areas, the Flood Damage Reduction 
Program includes provisions for additional federal- 
provincial agreements respecting studies that may be 


required; flood forecasting and warning systems; flood 


proofing techniques; land use planning; works to control 
water levels and flows; and, the acquisition of property 


to reduce flood damage potential. 


Provinces entering agreements under the Program commit 

themselves not to engage in or assist in new undertakings 
that would be vulnerable to damages in areas that become 
designated as flood risk areas. Provinces also agree to 


encourage iand-use zoning appropriate to flood risk areas. 


The FDRuProgran 


By August 31, 1984, General Agreements Respecting Flood 
Damage Reduction and Flood Risk Mapping Agreements had been 


Signed with all provinces except P.E.I., Alberta and 
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British Columbia. An equivalent memorandum of understanding 
had been signed by the Ministers of Environment Canada and 
Indian Affairs and Northern Development respecting the 


Northwest Territories but not for Yukon. 


Total costs of the agreements amount to $71,754,000 of which 

22,615,000 is for flood risk mapping, $6,130,000 for flood 
reduction studies, $2,000,000 for flood forecasting, and 
$41,009,000 for dykes, dams and other works. Provincial 
figures are shown in Table 9.1. 


In the seven provinces and the Northwest Territories, all 
communities subject to significant flooding have been 
identified on schedules attached to the individual agree- 
ments and mapping, studies and works are in various stages 
of completion. Areas for which mapping has been completed 
and flood risk areas designated by the province are listed 
im Tavieeo x. 


Flood control works are in various stages of completion in 
areas in the vicinity of St. John, N.B.; Montreal, Québec 
and Richmond, Québec; several communities in the Red River 


Valley; and, near Hay River, NWT. 


Some difficulties have been encountered in Ontario, Manitoba 
and Saskatchewan where residents of some communities have 
expressed concerns over the potential impact of flood risk 
designations on land values. In Ontario, the situation 

was further complicated by the decision to employ "event" 
floods, such as Hurricane Hazel, over rather large areas 
rather than a "once per 100 years" design flood. The 


latter problems have apparently been resolved by Ontario. 
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LOCATION 
NEWFOUNDLAND 


Stephenvi! Te* 
T designation 


NOVA SCOTIA 
East River*® 
Sackville River* 


Z designations 


NEW BRUNSWICK 

Fredericton 

Perth/Andover 

Oromocto to Lower Jemseg* 
Lower Fredericton to Lincoln* 
Sussex* 

Keswick* 


&B designations 


QUEBEC 

Montréal Region* 
Chaudi@re Basin* 
Gatineau/Ottawa Rivers* 
Upper Richelieu River* 
du Gouffre* 

Lower Richelieu River* 
Riviere Assomption* 
Riviére Saint-Frangois* 
Rivitre Yamaska* 
Riviére Bécancour* 
Rivitre Nicolet Basin* 
Trois-Rivieres-Quest 


Tz designations 


ONTARIO 

White River 

Toronto* 

Sturgeon River/Lake Nipissing/ 
French River* 

Kaministiquia River* 
esignations 


MANITOBA 
Melita 
Wawanesa 
Winnipeg 
Souris 
Elie 
Brandon 
La Salle 
Sanford 
Starbuck 
Swan River 
Dauphin 
Carman 
Lorette 


TS designations 


SASKATCHEWAN 
stevan 

Oxbow 

Roche Percée 

Moose Jaw 


a designations 
NORTHWEST TERRITORIES 


Hay River* 
I aes Tanation 


43 designations 


* These designations are on a regional or riv 


parts of municipalities. 


NUMBER OF 
COMMUNITIES 
MAPPED 


Nn 


uf nm 
Mw > 


a oe oe 


i ho 


R Nn 


Table 9.2 
DESIGNATIONS TO DATE UNDER THE FLOOD DAMAGE REDUCTION PROGRAM 


NUMBER OF 
PUBLIC INFO. 
MAPS 


] 
+ 


fe ee 


4 ioe 


LJ. 


142 


1. Figures are approximate and based on 1981 Census data. 


POPULATION! 


9 000 


1 000 
3 000 000 


63 000 


39 000 
J TOS VU 


1 200 
500 
565 000 


2 900 


6 811 875 


September 30, 


DATE OF 
DESIGNATION 


June 


Feb. 
Feb. 


Feb. 
Feb, 
Mar. 
Feb. 


Sept. 


Mar. 


May 
Mar. 
Oct. 
Apr. 
Apr. 
Nov. 
May 
Oct. 
June 
May 
May 
Aug. 


Aug. 
Dec. 


Mar. 
Aug. 


Dec. 
Dec. 
Feb. 
Oct. 
Nov. 
Mar. 
NOV. 
Nov. 
Nov. 
May 

Feb. 
June 


Sept. 


Aug. 
Aug. 
Aug. 
Oct. 


May 


84 


84 


1984 


er basin basis and cover a number of municipalities or 
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Community concerns seem to have been resolved in Manitoba 
and Saskatchewan. The latter is renegotiating its agreement, 
allowed to lapse while it established a new Water 


Corporation and reviewed its water management policies. 


It is probable that local problems could have been minimized 
had communities been fully involved and informed about the 
Flood Damage Reduction Program while it was still in the 
proposal stage. While this aspect had been left rightly 

to the provinces, they themselves had not been involved 

with the Program until it had become a firm federal policy. 
Because of unique locational problems, it would be 

desirable to add more flexibility to accommodate local 
special situations so that undue land value depreciation will 


not occur. ©ihis may require additional flood control works. 


No agreement exists with Prince Edward Island since both 
governments were of the opinion that the program was not 


necessary there. 


Agreements have yet to be entered into with Alberta and 
British Columbia, primarily for technical reasons, or so 
it would appear. There is some concern that if these two 
provinces do not enter the program shortly, an inequitable 
Situation will result with the federal disaster relief and 
other programs still applicable throughout those provinces 
while being restricted in the other seven provinces. Both 
Alberta and British Columbia have a high potential for 
flood losses. In British Columbia, the problem is 
particularly acute because of the location of communities 
im river valléy and. délta) settings.’ In Alberta, the rapid 
development of low lying areas in the Bow River Valley in 
the Calgary area is creating the potential for héavy losses. 
Both provinces have mapped many flood-prone areas on their 


own, but much more needs to be done. 
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Should negotiations not reach fruition within a reason- 
able time, it may become necessary for the federal 
government to initiate its own flood risk mapping 
program in the two provinces to meet at least part. Of 4ts 
original objective of reducing disastersassistance claims 


and to ensure equitable treatment across Canada. 


The Flood Damage Reduction Program began during the 1976-77 
fiscal year and is expected to be completed in the early 
1990's. Assuming the entry of Alberta, British Columbia, 
Yukon and Indian Reserves into the Flood Damage Reduction 
Program, the total costs of mapping, studies and flood 
forecasting is expected to reach $32,800,000 in current 
dollars. The federal share will be half of that amount. 
While a full evaluation of the program is pending, the 
approach offers great promise, particularly: if it. a5 
carried through on the provincial and municipal levels to 
include land use restrictions in the designated flood risk 
areas. In addition to lessening the rate of flood damage 
increase, government relief and the necessity to invest in 
more expensive control works, the program would slow the 
rate of conversion of prime valley agricultural land to 
urban development. The Flood Damage Reduction Program 
provides one example of a government program that, while 
reactive to a bad situation, is forward-looking in 
attempting to guide future development to more appropriate 
areas, reducing potential losses and keeping land in more 


appropriate uses. 
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10. REGIONAL WATER DEVELOPMENT 
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10. REGIONAL WATER DEVELOPMENT 
Introduction 


With the exception of navigational facilities such as the 

St. Lawrence Seaway, and hydroelectric facilities on federal 
lands, the federal government rarely becomes directly involved 
in the development and operation of water resources on a 
regional basis. Its roles are usually confined to monitoring, 
research and planning in cooperation with provinces as 


precursors to development or in support of international or 


interprovincial agreements to regulate developments. Its program 


implementation roles have normally been confined to financial 
assistance for such things as dyking in high risk/high value 
areas like the lower Fraser River valley, or for pollution 


control programs such as that on the lower Great Lakes. 


An exception to these traditional roles is found with the 
Prairie Farm Rehabilitation Administration (PFRA). Established 
by legislation in 1935 to counter the effects ofthe “severe 
drought of the 1930's on the southern prairies, PFRA continues 
50 years later as an active developer and operator of local 


and regional water supply systems for farm and community use. 


Prairie Farm Rehabilitation Administration 


1 Pgs pee Objective 


The objective of PFRA, as defined in its enabling legislation, 
is to secure rehabilitation of drought and soil drifting areas 
and promote systems of farm practice, tree culture, water 

supply, land utilization and land settlement that will accord 


greater economic security. 
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10.2.2 Water Program 


PFRA offers a variety of water development programs on the 
southern prairies ranging from the provision of small water 
sources on individual farms through systems designed to meet 
the needs of small groups of farms, to large scale systems to 
irrigate substantial districts and provide secure municipal 
water supplies. PFRA also provides an engineering and planning 
service to assist the provinces in developing long range water 


supply and drought proofing programs. 


At the farm level, PFRA offers free engineering assistance in 
selecting, surveying, designing and developing water sources 
for livestock watering, irrigation and domestic water supplies. 
Dugouts, small dams, wells and irrigation systems are 
includéd/inethis*program: (Engineering»servacess are! provided 
free of cost while financial contributions are provided, tor 
source development and irrigation works. Maximum financial 


contributions periprojectarangenup? to! abouts $245.00. 


Forvgroups of five: or more ifarmersivor: ranchers?) and for’ small 
communitiessof<leSsathans 5002people; * PFRA{ wild? provide, all 
engineering services and contribute 50-percent of construction 
costs for surface or ground water source dévelopment and 
distribution systems. The community water supply component 

of this program does not apply in Alberta where the Province 


elected to develop its own systems. 


Subsidiary to the DREE General Development Agreements between 
provinces and the federal government, both Saskatchewan and 
Manitoba entered agreements on water development and flood 
proofing, aun) 1979vend) 19 s80nrespectivelysi | Thesesagreements 
provided for development of strategies to improve the effec- 
tiveness of water management, analyses of supply and demand 
for water, drought sensitivity analyses, and the provision 

of water supplies and delivery systems. 
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Drought sensitivity models were developed for both provinces 
allowing analyses of the impacts of drought periods and the 
estimated effects of water development alternatives. 
Investigations of the sizes and production capabilities of 
ground aquifers were completed. The feasibility of several 
irrigation schemes was investigated. Water supply systems 
were improved or constructed for a number of communities 

in each province. Structural flood control measures, fore- 
casting and warning systems for the Souris River were 


incorporated in the agreement with Saskatchewan. 


The total cost of the agreement with Saskatchewan was 

$15.25 million shared as follows: PFRA - $7.4 million; 
Environment Canada - $0.5 million; Saskatchewan - $7.35 million. 
Of the total, $10.3 million was provided for water supply 
systems, equally cost-shared, with Saskatchewan adding the 

land required for developments and PFRA adding the engineering 


and administration of contracts. 


The Manitoba agreement provided for $8.95 million with PFRA 


contributing $5.35 million and Manitoba $3.60 million. 


PFRA's involvement in flood control work includes responsibility 
for the operation and maintenance of about 160 kilometres 
of dykes along the Assiniboine River from Portage la Prairie 


to Winnipeg. 


With respect to irrigation, PFRA began constructing dams in 
southwestern Saskatchewan in 1935. The system now includes 
26 dams, 23 of which are still operated by PFRA. The system 
serves some 19 120 hectares of land owned by PFRA, the 
Province and individuals. Forage crops are grown for iive=- 
stock in the dryland farming area. The system also provides 


municipal water for Swift Current and three other towns. 
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The South Saskatchewan River Project was designed and 
constructed by PFRA. Original plans called for some 222 500 
hectares to be irrigated. Only about 14 160 hectares have 
received irrigation to date. The Gardiner and Summit dams 


are operated by PFRA at the expense of the Province. 


Beginning about 1910, Canada developed a number of reservoirs 
and aqueducts for irrigation in the St. Mary and Bow River 
Valleys. Under terms of a 19735 agreement, Alberta has 

assumed ownership of the works and PFRA undertook to 
rehabilitate them. Rehabilitation is expected to be completed 


in 1988 at a cost in excess of $36 million. 


Finally, PFRA, under terms of agreements WhtileneL Dee Gas 
Saskatchewan and Manitoba, has been involved in a substantial 
program to provide water and sewerage works for communities 
other than the major cities. These programs are outlined in 
some detail in the chapter on "Municipal Sewage and Water 


Paecitities’. 
LO. 2s). Summary 


As the above outline demonstrates, PFRA is intimately involved 
in water resource development on the southern prairies from 
the smallest dugout or well on an individual farm to water 

and sewerage systems for hamlets, towns and Small cities, to 
the operation of flood control works and the construction 

and operation of regional irrigation reservoirs and distribu- 
tion systems. PFRA's technical expertise includes speciali- 
zations in dam design and construction, flood forecasting, 
flood control works, satellite imagery interpretations, and 


economic planning, among others. 
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PFRA maintains a staff complement of close to 900 person- 
years. Its 1984-85 gross budget is approximately $56 
Million. About $14 million is used for PFRA's community 
pasture program, tree nursery operations and demonstration 
farm, leaving some $42 million for water related projects. 
The following table (10.1), taken from the latest available 
report from PFRA, lists the agency's expenditures and 


revenues. 
10.2.4 ‘Comment 
(a) The PFRA Role 


The severe drought of the '30's that spawned PFRA has long 
since passed. From time to time proposals to wind it up 
have been discussed. The periodic recurrence of severe 
drought years like 1984, the high regard accorded PFRA by 
farming and ranching communities, and the interests of 


ministers have sustained it. 


PFRA has developed a unique niche as a federal agency. It 
sees itself, and seems to be seen, as a water developer- 
operator working directly with farmers and the three provinces 
to meet local and provincial needs within the provincial 
jutisdictional domain. It exhibits a refreshingly strong 
client orientation, providing services to customers through 


more than 20 local offices. 


The economics of the prairie provinces have grown dramatically 
over the last 50 years. No longer are they solely based on 
agriculture. They have industrialized, and two of the three 
have become relatively wealthy. The federal government must 


ask itself if the PFRA role remains appropriate to it. 


Alberta has been assuming a stronger role in farm water 
management. In 1973, it agreed to assume the operations of 
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PFRA irrigation systems as restored by PFRA. Since 1978, 
it has not taken advantage of PFRA programs to develop 
water supplies for agriculture based communities. The new 
Saskatchewan Water Corporation seems to be planning: to take 


a more direct role as well. 


If PFRA is to continue its present roles, and the decision 

PSX enpoli tical one, restricting its sphere’ of “operations to 
theoriginal “droucht and soil drifting areas in-the provinces 
of Manitoba, Saskatchewan, and Alberta", should be reconsidered. 
Indeed, PFRA has already operated in other dry areas such as 
Kamloops and Penticton in British Columbia. If federal 
assistance is to be made available to farmers and ranchers 
in one drought-prone area, it would only be equitable to 


extend the services to all drought-prone areas. 


IT IS RECOMMENDED that if the programs of 
PFRA are to be continued, they be extended 
to encompass all drought-prone areas of 
Canada. 


(b) PFRA Programs and Federal Water Policy 


As already noted, PFRA sees itself as a development agency 
serving local needs in response to provincial requests within 
their sphere of jurisdiction. Within this context, it may 
not find national water policies of the federal government 
particularly relevant to its own programs. It has its own 
legislated mandate to develop water resources for local use 
to mitigate the effects of drought. This independent 
approach was demonstrated in 1982 when PFRA sought the 
approval of the federal government to initiate new irrigation 
programs without first having submitted the proposals to the 
Interdepartmental Committee on Water (ICW). The role of 

the ICW is to review all major federal water initiatives to 
ensure that they fit within the federal water policy frame- 
work. In the end PFRA was advised to submit its proposals 


for ICW review. 


The-principal issue is that the federal. government's 
perspective, being national or regional in scope, differs 
from. that of<a:province., While. a) province»would-wish toe 
obtain the maximum benefits from its share of a limited 
resource, the federal government would be interested in 
maximizing benefits within the region, the Saskatchewan- 
Nelson basin: inethis*instance. > Jf) aaunitevolume yom water 
would be worth more generating electricity in Manitoba than 
in growing crops in Saskatchewan, the federal government 
would.presumably.favour.the former... .How canssuch, differences 


be accommodated? 


First,.there is nothing to,prevent.a-downstream prevince 
from negotiating with an upstream province and offering to 
buy the flow that would otherwise be consumed through an 
irrigation program. Such negotiations would be based on 
the interests of individual provinces however, and the 
result of an interprovincial negotiation still might not 
be the most desirable from the regional or national 


DETspective. 


Second, the federal government could encourage formulation 
and adoption of a regional strategy, or plan against which 
major water development proposals would be judged. History 
suggests, however, that the individual prairie provinces 
might.not be.particularly interested»in joining, such an 
approach... The federal.government tried,to'sell;the,idea 
during.the,discissions that over,2Z0\years »finally led,to 
the apportionment agreements among the provinces. Central 
to those agreements was assurance to each province of a 
specified share and a right to decide independently on how 


that share was ‘to be used. 


Thirdly, the federal government could develop a comprehensive 
set of criteria that it would employ in analyzing the 

economic and social benefits and costs of water development 
proposals. These criteria would be explained to the 
provinces, preferably developed with their help. They would 
be used as the bases of analyses upon which the federal 
government would base its assistance decisions. This approach 
would be less intrusive on provincial rights than any of the 
others. It would also provide for responsible use of federal 


TESOUTCEsS. 


IT IS RECOMMENDED that the federal govern- 
ment, in consultation with the provinces, 
develop and adopt a comprehensive set of 
criteria on which to base socio-economic 
analyses of water development proposals 
that would be used to guide federal 
program assistance decisions, including 
those respecting PFRA. 


Adoption of this less intrusive role would leave the federal 
government with its vital role of honest broker or conciliator 


in interprovincial disputes. 
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11. REGIONAL WATER QUALITY MANAGEMENT 


Introduction 


The federal government became involved in regional- water 
quality management issues in the 1960's through the compre- 
hensive river basin planning agreements introduced under the 
Canada Water Bill and a Canada-United States reference to the 
International Joint Commission concerning the quality of the 
lower Great Lakes. Federal-provincial river basin studies of 
the Okanagan, Qu'Appelle and Saint John rivers led to the 
identification of serious pollution problems and implementa- 
tion agreements to effect pollution control measures, 


primarily municipal and industrial waste treatment facilities. 


In some instances, federal-provincial planning agreements 
under the Canada Water Act focussed entirely on water quality 
issues. The Canada-Quebec agreement on the St. Lawrence 
River, 1972-1978, was of this nature, with the objective of 
preparing a plan to reclaim, protect and improve the water 
quality of the River. The implementation OF that *plan resets 
primarily with the Province, although the federal government 
contributed financially for sewage collection and treatment 
at Montreal and discussions are continuing that may lead 


to other federal-provincial cooperative measures. 


A more complex regional water quality management endeavour 

is the Canada-British Columbia Fraser River Estuary Study 
initiated in 1977. The objective of this study was to 
develop a management program to guide future changes in the 
estuary so as to preserve and protect its environmental 
attributes while continuing its development as an economic 
resource. This integrated study of land and water use has 
involved a large number of federal, provincial and municipal 
agencies and many interest groups. It has led to the produc- 


tion in 1982 of a proposed management plan for the estuary 
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that incorporated broad objectives, policy guidelines, and 
a recommended committee structure to move forward with 
more detailed planning and management of the estuary.1 

It is anticipated that a federal-provincial agreement to 
establish a management committee structure will be signed 


in. 5198-5. 


The major federal comprehensive involvement in regional water 


quality management, however, remains on the Great Lakes. 


Although the first comprehensive report on pollution in the 
Great Lakes system was issued by the International Joint 
Commission in 1918, the current program has its origin in 
a joint Canada-United States reference to the IJC im, 1964. 
The IJC was asked to determine whether Lake Erie, Lake 
Ontario and the international section of the St. Lawrence 
River were being polluted to the extent that injury to 
health or property was occurring. The IJC established 
advisory boards of representatives from the governments 


of both countries, bordering states and Ontario. 


The advisory boards reported to the IJC in 1965 and submitted 
final reports in 1969. These led to an IJC report and 
recommendations to the two countries primarily concerned 

with municipal and industrial pollution with emphasis on 
eutrophication and the need to reduce the amounts (oe am 2) ge be 


phates entering the Lakes. 


1 Canada-British Columbia, 1982. A Living River by the Door. 
A Proposed Management Program for the Fraser River Estuary. 
B.C. Ministry of Environment, Surrey, B.C. 


The first Canada-Ontario Agreement Respecting Great Lakes 
Water Quality was signed in 1971, reflecting the terms of 
agreement being developed between Canada and the United 
States that was finalized the following year. The initial 
Canada-Ontario Agreement was to cover a five-year period, 
but was extended on two ocassions and expired in 1982 when 


replaced by an entirely new agreement. 


The initial agreements related primarily to the provision or 
upgrading of municipal sewage treatment systems with special 
measures for the removal of phosphates. Ontario agreed 

to require and assist municipalities to undertake the 
required measures and Canada provided financial assistance 
through CMHC. Other aspects of the first agreement related 
to work Ontario was to carry out to assist Canada in meeting 
its international obligations and the financial contributions 
Canada would make to Ontario in that regard. Ontario assumed 
responsibility for surveillance in the nearshore areas and 
research programs related to the impacts of urban drainage 


and the effects of the municipal pollution abatement program. 


Related to these agreements Canada included a measure ite Che 
Canada Water Bill to permit the regulation of nutrients in 
household detergents and other cleaning agents. When the 
Bill was enacted, a regulation was issued limiting the 


concentration of phosphates in laundry products. 


During the course of the original agreements, additional 
research by Canada and the United States led to the identi- 
fication of new priority concerns, particularly toxic chemicals, 
and the need to adopt a comprehensive ecosystem approach to 
Great Lakes water quality management. On recommendations 

from the IJC, a revised Great Lakes Water Quality Agreement 


between Canada and the United States was signed in 1978. 
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The fundamental purpose of the Canada-U.S. and Canada- 
Ontario” agreements iis’ to Testore-"and* maintain’ the chemical , 
physical and biological integrity of the waters of the Great 
Lakes Basin Ecosystem" through a maximum effort to develop a 
better understanding of the’ ecosystem and to ‘eliminate or 
reduce to the maximum extent possible the discharge of 
pollutants into the Great Lakes System. iInvpartacular 
Canada, the United States and Ontario adopted the policy 
that: "the discharge of toxic ‘substances. An ‘toxwve taniounts 
be prohibited and the discharge of any or all persistent 


toxic substances be virtually eliminated". 


The agreements specify five general water quality objectives 


for the Great Lakes system including freedom from: 


(a) substances that will settie and form putrescent or other- 
wise objectionable sludge, or that will adversely affect 
aquatic. dit 6&.om widd late; 


(b) floating materials in amounts that are unsightly or 
deleterious: 


(c) materials or heat that will produce colour, odour, 


taste or other conditions interfering with beneficial uses; 


(d) materials and heat that along or in combination with 
other materials will produce toxic or harmful conditions 
for; man « animal or aquatic, bite > and: 

(e) nutrients in amounts that create growth of aquatic plants 


that interfere with beneficial uses. 
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To meet the defined objectives, the Canada-United States 


Agreement contains the elements of 13 programs addressing: 


(a) pollution from municipal sources - construction and 
operation of municipal waste treatment plants, including 


pretreatment requirements for industrial users; 


(b) pollution from industrial sources - establishment of 
waste treatment or control requirements consistent with 


the achievement of the general and specific water 
quality objectives, and including requirements for the 
substantial elimination of persistent toxic substance 


discharges; 


(c) inventory of pollution abatement: requirements: = including 
compliance schedules and status of compliance, 


(d) eutrophication - construction and operation of municipal 
waste treatment facilities to meet specified objectives 
and reduction of phosphorus introduced from diffuse 


sources; 


(e) pollution from agricultural, forestry and other land uses 
including measures to regulate use of pesticides, measures 


to reduce animal-waste runoff, measures governing the 
hauling and disposal of wastes, review and supervision 
of road salting practices, control of soil losses, and 
incorporation of Great Lakes water quality objectives 


in land use planning; 


(f) pollution from shipping - adoption of compatible regu- 


lations respecting the discharge of oil and other wastes 
from shipping and the establishment of a coordinated 


surveillance program, 
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(g) pollution from dredging activities - including develop- 


(h ) 


(i) 


ment of criteria for identifying polluted sediments 
and compatible programs for the safe disposal of 


dredged material; 


pollution from onshore and offshore facilities - including 
programs and regulations for preventing discharges of 


O11. and hazardous substances, 


hazardous polluting substances - maintenance of a list 
of such substances and measures to eliminate the risk 


of release thereof; 


(j) persistent toxic substances ~ control programs for their 


(k) 


eo 


production, use, distribution and disposal, including an 
inventory of sources, coordination of air, water and 
solid waste disposal programs, and joint Canada-United 


States disposal program, 


airborne pollutants - identification of sources and 


consultation on remedial measures; 


surveillance and monitoring - coordinated programs to 
assess compliance with pollution control requirements 


to assess achievement of objectives and to identify 


emerging problems; and, 


(m) contingency plan - a joint plan to contain ‘and "cléan up 


Le iS 
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The 


Water Quality reflects the revised Canada-U.S. Agreement. 


discharges of oil and hazardous polluting substances. 
3 Canada-Ontario Agreement 


1982 Canada-Ontario Agreement Respecting Great Lakes 


In essence, the Canada-Ontario Agreement calls for maximum 


alla! 


efforts to develop a better understanding of the Great 

Lakes ecosystem and the elimination or maximum practicable 
reduction of the discharge of pollutants with emphasis on 
toxic substances and the completion of the municipal waste 


treatment program. 


Terms of the Agreement provide for Canada to pay 50 percent 
of surveillance programs undertaken by Ontario as part of 
Canada's commitment under the Great Lakes International 
Surveillance Plan and S50 percent of approved research 
programs undertaken by Ontario. The maximum annual share- 


able costsi ore set at $2.4 million: 


In addition, Canada agreed to contribute $65 million for 

the completion of a municipal waste treatment plant construc- 
tion program to achieve the specific water quality objectives, 
including phosphorus reductions, agreed to by Canada and 

the Uhited States. 


The Agreement also provides for information exchange, 


coordination of programs and work sharing on certain programs. 


The Ontario Government continues its responsibility for 
water quality surveillance in the nearshore of the 

effects of municipal, industrial and other waste discharges, 
and of the inflows of tributary waters, all as identified 
through the Great Lakes International Surveillance 


Program. 
11.2.4 The Federal Roles 
The major federal roles in the Great Lakes Water Quality 


Program are surveillance of water quality and the contamina- 


tion of fish in the open lakes, research, and the regulation 


on 


of pollution from commercial shipping. The departments 


involved are Environment, 


Fisheries and Oceans, Health and 


Welfare, Transport, Public Works, and Agriculture. 


Environment Canada's activities are shared by the Inland 


Waters Directorate, Canadian Wildlife Service, the 


Environmental Protection Service, Atmospheric Environment 


Service, and the Lands Directorate.. Principal activities 


include sthe sfolLow Lug ; 


DOE - surveillance of water and biota chemistry of open 


lakes, analytical laboratory »services; 


- lakes research respecting: wave action and impacts 


on shorelines and sediment movement; methodology in 


chemistry and microbiology for the analysis of 


pollutants in water, sediments, plants and animals; 


toxicdchemicals characteristics, pathwayseand fates ; 


aquatic recycling of nutrients; biechemical; processes 


within the Lakes; environmental simulation modelling; 


groundwater contamination by toxic chemicals and their 


movements; 


- monitoring of biotic accumulators of toxic substances; 


- monitoring of atmospheric deposition of contaminants 


inthe Lakes; 
~ Teséarch respecting 
= research respecting 


in sediments, their 


when disturbed, the 


waste treatment technology; and, 


the accumulation of contaminants 
recyclingeintortheiwater column 


contamination of sediments in 


dredging areas, disposal of dredged materials. 


DFO - provision of ships for open lake surveillance programs, 


- surveillance of contaminants in commercial, sport 
and forage fish; and, 

- research to identify impacts of new chemicals, pathways 
of toxic into fish populations, identification of 


contaminated fish populations. 
NHW - toxicity studies of substances found in the ‘Lakes ‘and, 


- advice to federal and provincial agencies on human 


health implications of contaminants. 


MOT - development and enforcement of regulations respecting 
pollution from commercial shipping and related shore 


fact 1 ities: 


DPW - manage dredging activities and sample dredged material 


for contaminants. 


DOA - research into implications of agricultural practices 


on nutrient runoff to the Lakes. 


Frustrations have been expressed about the limited role 

of the federal government in implementing the Canada-United 
States Great Lakes Water Quality Agreement. The federal 
role is primarily one of research, surveillance and the 
provision of funds to Ontario to undertake surveillance 
programs on behalf of Canada and to assist with capital 
expenditures for municipal sewage treatment plants. 
Implementation of actual control measures have been left 
to the Province. For other than a few substances, such 

as PCBs, little federal regulatory control is in place for 
the more than 800 substabces that have been identified in 


the Great Lakes, many of which may be toxic. 


“bras > 


The situation arises from Canada's constitutional frame- 

work and provincial insistence on retaining autnoLicy~-over 
natural resources and local works and undertakings. 

Provinces do not wish direct federal involvement with 
pollution control regulation, be it from municipai, indus- 
tvial oY avricultural sources... [his became abundantly clear 
more than a decade ago when Environment Canada's Environmental 
Protection Service began using Section 33 of the Fisheries Act 
to promulgate national effluent quality regulations for 
various industries and began to deal directly with individual 
plants to set pollution control requirements. Provinces 
perceived this activity as an attempt by the federal govern- 
ment to usurp water pollution control responsibilities from 
them, and an undesirable duplication of effort. The results 
have been a shifting of the federal role to a greater con- 
centration on pollution control technology, development, 
technology transfer, and advocacy of environmental protection 
measures. In addition, federal-provincial accords on environ- 
mental protection were entered into with most provinces in 
1975. Under these arrangements, Environment Canada agreed 

to work through the provinces on pollution control matters 

on the understanding that provinces would require control 
measures at least as stringent as agreed upon national base- 
line requirements. In addition to all this, the administra- 
tion of the Fisheries Act had been transferred to inland 


provinces, including Ontario, some year ago. 


Thus, the federal concerns. They have few legal tools 

with which to effect pollution control and one that they 
have, the Fisheries Act, is administered by Ontario and has 
hardly ever been used in a prosecution. While Canada must 
negotiate with the United States on international. matters 
involving pollution control requirements in both countries, 
it cannot point to Canadian national control legislation 


that matches that of the United States. 


There is a solution, an appropriate federal role, an 

avenue that the federal government has pursued in the past 
with provincial support. This has been to control potential 
pollutants of national significance at source. Tae 
Environmental Contaminants Act, Pest Control Products Act 

and Canada Water Act have been used to control the manu- 
facture, importation and use of substances dangerous to 

human health and/or environmental quality. It has already 
been recommended in Chapter 2 that the Environmental 
Contaminants Act be amended to provide a registration process 
for chemical substances so that importation, processing, 
manufacture or use of those considered dangerous to human 
health or the integrity of the ecosystem may be prohibited 

or allowed under specific regulated conditions. Canada 
requires such legislation if it is to respond adequately 

to a 1980 recommendation of the IJC calling for the “pro= 
hibition of the production, sale, transport or use Or persis 
tent synthetic organic compounds with known highly COX DE 
affects whose use Will. result in their entry into Ene 


environment. 


11.2.5 Financing the Program 


In 1983-84, total federal funding for activities by its own 
agencies amounted to approximately $9.6 million. Of this 
amount, some $4.6 million was used by the Inland Waters 
Directorate for surveillance and research. Of the remaining 
$5.0 million, Fisheries and Oceans accounted for about $35.0 
million, Health and Welfare, $1.0 million, and the other 


agencies, $1.0 million. 


It has been estimated that about 60 percent of these expendi- 


tures are related to the toxic substances issue. 


The accompanying chart depicts the changes in expenditures 
over the ll-year period from 1972-73 to 1982-83. The sharp 
rise in-expenditures in 1978-79 and 1979-80 reflected the 
revised Canada-United States Agreement and the new emphasis 
on toxic chemicals and the adoption of a broad ecosystem 
approach to water quality management. Environment Canada's 
expenditures reached a peak in 1979-80, declining gradually 
Since that, time by 2 total Gr Close to 2U ‘percenc, White 
some of this decline may be due to the government's financial 
restraint, programs, some Of 4t is known to be based on 
decisions that shifted some emphasis from the research 
program at the National Water Research Institute to the 
development of water quality objectives and the development 
of new agreements with Ontario. At the same time, the total 
federal commitment to the Great Lakes Program has not 
declined over the same period, suggesting changes in emphasis 
among programs of various agencies rather than the impact 


OF Tinancial restraint. 


Financial problems do exist, however. For example, the 
Canada-Ontario Agreement provides for equal cost sharing of 
surveillance programs carried out by Ontario in support of 
Canada's commitments with the United States. Insufficient 
provision was made for rising costs which have risen to the 
extent that costs to Ontario have reached $3,2 million 


annually, while the shareable total was fixed at $2.4 million. 


IT IS RECOMMENDED that Canada adjust its 
commitment under the Canada-Ontario 
Agreement. to return to the principle jof 
equal cost-sharing of surveillance carried 
out by Ontario in support of Canada's 
international obligations. 
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It is understood that a recent unpublished study for the 
Auditor General was critical of research projects at the 
National Water Research Institute in that some were more 
oriented to fundamental research than to the needs of 
clients. A shift in research program emphasis is antici- 
pated, and this should help overcome the shortfall that 
may have developed in the Great Lakes Program's research 


needs. 


There are also new areas of concern that have yet to be 
addressed that will require new resources. In 1980, the 
IJC presented a report with recommendations to the govern- 
ments on "Pollution in the Great Lakes Basin from Lake Use 
Activities". This report recommended that Canada and the 
United States develop a comprehensive strategy for the 
control of pollution from nonpoint sources. Emphasis was 
placed on the requirement to modify agricultural and urban 
practices that produce polluted runoff. Fertilization, 
livestock operations, urban storm sewer drainage, and 
erosion from construction areas were all highlighted. 
While all these issues are primarily within the realms of 
provincial jurisdiction, federal cooperation will be 
necessary to encourage attainment of the desired results. 
Incentives or subsidies may become necessary to encourage 
farmers to adopt new approaches to manure storage, spreading 
and disposal techniques. Changes that may be necessary 

in the use of combined storm and sanitary sewer systems 
will be capital intensive, requiring assistance similar 

to that currently provided for sewage treatment Facilities. 
Additional water monitoring programs of tributary streams 
and rivers may be required to evaluate the ‘résults of non- 
point pollution control programs. Without these new 
initiatives, the Great Lakes Water Quality Program may 


fail to reach its objectives. 


alee SB 


IT IS RECOMMENDED that the federal govern- 
ment demonstrate its support of the IJC's 
recommendations concerning control of non- 
point source pollution by providing resources 
necessary for departments to cooperate with 
Ontario. in tackling the problems. 


11.2.6 Institutional Arrangements 


(a) International 


The Great Lakes Water Quality Program has become a multi- 
dimensional one, moving beyond the original focus on waste- 
water treatment at municipal and industrial outfalls. It 

now encompasses land management practices in agriculture, 
forestry and urban development, industrial and user “BYractiaces 
relating to toxic chemicals, development of a better under- 
standing of the sources, characteristics and effects OF -LOxLe 
pollutants, and programs to eliminate their entry into, the 
lakes. In essence the Great Lakes Water Quality Program is 
assuming a comprehensive water basin management approach. 

It still lacks the major component related to consumptive 
use, but the stepwise approach to comprehensive management 


has been inevitable and encouraging. 


A large number of jurisdictions and agencies of two national 
governments, eight states and one province are involved in 
aspects of this major ecosystem management problem. Drawing 
the pieces together into a cohesive coordinated force to 
produce effective solutions has been a difficult task. At 
the international level, the International Joint Commission 
plays the key role, assembling information from experts in 
both countries, considering the implications, identifying 
problems amd recommending courses of action to the two 
countries. The IJC is assisted in this endeavour by the 
Great Lakes Water Quality Board and the Great Lakes Science 
Board that advise the Commission on the state of the Lakes 


and on the scientific aspects thereof. Although the IJC 


= ios a 


does not have management authority to require the imple- 
mentation of remedial programs, its high public profile 
has helped to ensure international attention to and 


eventual implementation of its recommendations. 


From time to time, it has been suggested that the Boundary 
Waters Treaty should be renegotiated to define more clearly 
the general prohibition against pollution of waters that 
causes "injury to health or property" and to give more 
powers to the IJC. A more specific definition of pollution 
and its effects would be most difficult ‘to accomplish ‘and 
the end result would be a loss of flexibility that the 
current wording allows to the two countries working with 
good will. With respect to the authority of ‘the TJC, 
Article X of the Boundary Waters Treaty already provides 
for a decision-making role for the Commission, should the 
nations agree to such a role with respect to a particular 
issue. Considering the relative development of the two 
countries since the Treaty was signed in 1909, it is most 
doubtful if Canada could achieve better terms of agreement 
today. | 


(b) Canadian 


At the Canadian federal level, Environment Canada is the 

lead agency. Within Environment Canada, the Regional 

Director General of the Ontario Region serves as the focal 
point for managing Canada's Great Lakes Water Quality Program. 
He chairs a Departmental Committee charged with bringing 
together the expertise and resources of the various sectors 

of the Department to meet Canada's commitments under the 
Canada-United States Agreement. He chairs the Interdepartmental 
Great Lakes Working Group responsible for coordinating the 
contributions of all federal agencies. He co-chairs the 
Canada-Ontario Board of Review, responsible for implementing 


the Canada-Ontario Agreement. Finally, he serves as the 


ok ti 


Canadian co-chairman of the international boards advising 
the IJC. The memberships and roles of the various co- 
ordinating bodies are outlined in Table 11.1. 


(c) Federal-Provincial 


The Canada-Ontario Agreement and coordination body, the 

Board of Review, are the envy of the United States Government 
that has not been successful in developing formal federal- 
state arrangements to pursue a coordinated approach to water 


quality improvement on the American side of the Lakes. 


The Board of Review is co-chaired by Environment Canada's 
Regional Director General and the Ontario Ministry of 
Environment's Associate Deputy Minister. The Board 

includes three members from each government from the agencies 


most intimately involved with the program. 


The Board's role is to administer the Canada-Ontario Agreement, 
reviewing the projects undertaken and recommending to 
Government respecting policies and programs required to meet 


Canada-United States water quality objectives (Figure pb eae I 


The Board of Review is supported by a Coordinating Committee 
that includes two co-chairmen and representatives of the 
Board's other committees. The co-chairmen are also members 
of the Water Quality Program Committee of the IJC Great 
Lakes Water Quality Board. Thus, the Coordinating Committee 
is able to keep fully informed of Canadian and U.S. programs 


and ensure appropriate cooperation. 


The Board of Review's Surveillance Committee has membership 
drawn from agencies involved with monitoring both nearshore 
and open water portions of the Lakes. The Committee under- 


takes an annual review of surveillance program objectives, 
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CANADA-ONTARIO 
GREAT LAKES PROGRAM 


Federal] Government Provincial Government 
Minister of the Environment Minister of the Environment 


. 


Environment Canada Co-chairmen Environment Ontario 
Regional Associate 
Director General Deputy Minister 


j Sear 2e. Coordinating 
Committee 


Pollution Public 


Surveillance Tox 
Information 


Committee Substances : Controls 
Committee Committee Committee 


enki Meags be 


plans, costs and anticipated results and recommends 
approval of program funding under terms of the Canada- 


Ontario Agreement. 


The Toxic Substances Committee has federal and provincial 
membership drawn from all agencies working on the issue. 

The Committee identifies priority areas anda issues, evaluates 
the programs of both governments for the Board, and effects 


exchange of information. 


The Pollution Control Committee monitors research programs; 
pollution abatement: and compliance programs; pollution from 
nonpoint sources, shipping, dredging; and, contingency 
planning. Basically, the Committee reports to the Board on 
progress being achieved with the various pollution control 


programs. 


The Public Information Committee arranges publicity for 
Canada-Ontario Agreement programs, keeping the public 


informed on program activities and achievements. 


In total, the Board of Review, with its supporting Committees, 
has provided a well-knit structure to assure mutual under- 
standing of internal problems, encourage and effect co- 


ordination of programs, and exchange information. 
(d) Federal Government 


The coordinating role within a federal department or among 
several is a difficult one, more difficult that just a few 
years ago. When a new priority issue was identified a 
decade ago, new resources were often provided to address it. 
This was the case, for example, with federal-provincial 
river basin planning agreements. New planning studies were 
undertaken largely with new funds in addition to existing 


programs. The co-chairmen of a federal-provincial planning 


— ee 


board had an identified budget with which to influence 

the priorities of other agencies and get tasks accomplished. 
The chairmen not only had responsibility to undertake a 
program, but were accountable for the effective use of a 
defined budget. 


Times have changed. The coordinator or chairman of an 
interagency program often no longer has effective control 
over the resources required to achieve program objectives. 
The Treasury Board seldom approves new funding adequate 

to undertake a program. Instead, participating agencies 

are first required to re-examine their own priorities within 
their basic, or A-Base, budgets, and reallocate resources to 
the new priority issue. After this exercise is completed, 
marginal new funding may then be provided for new program 


FV tI ALVES. 


This process prevailed when the federal Treasury Board 
reviewed a joint submission of departments seeking resources 
to implement the 1978 Canada-United States Great Lakes Water 
Quality Agreement. A maximum annual expenditure level of 
$10 million was set, of which a discretionary allotment of 
some $1.9 million was provided for new commitments under 


the Canada-United States Agreement. 


In some instances, the output of a particular current A-Base 
budget program may serve several objectives of a department. 
Within Environment Canada, for example, the Inland Waters 
Directorate's water quality monitoring program on the 

Great Lakes responds to requirements of the national water 
quality network, the national toxic chemicals control program, 
and the national acid rain program, as well as the Great 

Lakes Water Quality Program. Research program at the National 


Water Research Institute may be related to a variety of 


ga te 


objectives, including fundamental research. The important 
task becomes one of adjusting A-Base budget projects to 


accommodate the objectives of a new program. 


Rigidities can be overcome to an extent by judicious use 

of the $1.9 million of discretionary funds available to 

the Regional Director General and the Interdepartmental 
Great Lakes Working Group. Essential projects can be 
purchased from cooperating agencies. But Tr “the drscre- 
tionary funds are to be successfully used as a lever to 
effect changes in regular programs in response to the 
requirements of the Great Lakes Program, the members of ene 
Great Lakes Working Group should have elements of line 


authority over their supporting services. 


The management structure shown in Figure 11.2 is complex, 
but there seems to be no better alternative, particularly 
now that the focus of the Great Lakes Water Quality Program 
is shifting from the traditional control of point sources 

of pollution to nonpoint sources. The issues are no longer 
confined to water withdrawal, use, treatment and return to 
the watercourse. Agricultural, land development and urban 
maintenance practices within the basin are now parts of 

the scenario, as are industrial emissions to the atmosphere 
within and without the basin. These issues cannot be dealt 
with effectively by water management agencies alone. 
Cooperation is required of agencies and individuals with 
responsibilities for other natural resources, urivan @trairs, 
and economic development. The last group is particularly 
important for it may be through their support of industrial 
and urban renewal that pollution abatement is achieved as 


part of larger modernization programs. 
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Figure siz 
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GREAT LAKES PROGRAM STRUCTURE 
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At the federal level a fundamental need is to ensure that 
the Great Lakes Program manager has sufficient resources 
and authority over them to implement his mandate. Within 
Environment Canada, this dictates the clear identification 
of the Great Lakes Water Quality Program as an "integrated" 
program, that is one to which resources of each component 
of the Department are specifically dedicated within 
departmental estimates to respond to program DELOLTPIES 

of the Regional Director General. Thus, while the opera- 
tional management of individual programs would remain the 
responsibility of the line managers within the Department, 
initial program selection for inclusion in the Great Lakes 


Program would rest with the Regional Director General. 


IT IS RECOMMENDED that Environment Canada 
treat the Great Lakes Water Quality Program 
as an "integrated" program, with overall 
priority selection and approval of components 
contributed by services of the Department 
resting with the Regional Director General 
and the Departmental Steering Committee. 


Interdepartmentally, the Great Lakes Program would profit 
at the policy,level from representation ond revitalized 

Interdepartmental Committee on Water and from designation 
as a priority issue by the Interdepartmental Committee on 


Toxic Chemicals , 
1) 2a. Program. Results and. Futures, Directions 


Nearly $2 billion have been invested in municipal sewerage 
works since the first Canada-Ontario Agreement on the Great 


Lakes was signed. Industry has also invested large sums. 


There have been gratifying declining levels of phosphorus 
in Lakes Huron, Erie and Ontario. On the other hand, . 
nitrogen loadings of Lakes Ontario and Huron show increases 


probably related to agricultural practices. 
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Herring Gull egg analyses programs have indicated declines 
in presence of six persistent organochlorine substances 
monitored, but concerns have been expressed over an 
apparent levelling off of the rate of decline. “In, some 
instances, contamination levels have remained essentially 


constant over the last few years. 


The identification of the pesticide toxaphene in Lakes 
Superior and Huron indicate the complex dimensions of the 
Great Lakes Water Quality Program, This contaminant enters 
the lakes from airborne sources, travelling long distances 


from areas of use in the U.S. 


Intensive surveillance programs in different sections of the 
Lakes systems continue to identify and trace contaminants 

to sources where corrective measures will be required. The 
MOSt Siguiticant “concor ein ithis weoard tis tthe special 
Canada-U.S. study of the Niagara River that has identified a 
number of industrial dump sites in the United States that 


are leaking toxic chemicals into the River. 


In general, Canadian officials directly involved with the 
Great Lakes Program are cautiously pleased with results so 
far. They see an urgent need for continued diligent applica- 
tion of effort, particularly to initiate programs to respond 
to IJC recommendations regarding nonpoint pollution, and to 
convince Americans to undertake clean-up operations of 
industrial dump sites. Concerns were expressed that reductions 
in financial and personnel resources assigned to the program 
could let successes begin to slip away. Continued diligence 
must be applied to the surveillance program and toxicological 
studies to determine the impacts of chemical contaminants 


found in the Lakes. 


The current Canada-Ontario Agreement is coming to an end. 


Federal assistance for the major municipal waste treatment 


a ie = 


program will be completed. The cooperative surveillance and 
research programs that have been developed since 1971 must 
continue to be nurtured and supported if the Greut Lakes 

Water Quality Program is to achieve the objectives recommended 
by tne Ie. 


In response to Article X, Section 3, of the Canada-United 
States Agreement, Canadian and American officials will meet 
in June 1985, to review progress and determine priorities 


for continuing programs on the Great Lakes. 


IT IS RECOMMENDED that Canada negotiate a 
revised Great Lakes Water Quality Agreement 
with Ontario, building on the Levels of 
cooperation already achieved, particularly 
with respect to work sharing, and focussing 
on the critical issues of toxic chemicals 
and the reduction of pollution from non- 
point sources, and responding to Article X, 
Section 3, of the Canada-United States 
Agreement which will have implications 

with respect to changes in the Canada-United 
States, Agreement. 
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12. MUNICIPAL SEWAGE AND WATER FACILITIES 


Introduction 


On January 18, 1985, newspapers carried reports on a new 
study of municipal infrastructure maintenance requirements 
that has been completed by the Federation of Canadian 
Municipalities.1! The study apparently found that the average 
age of sewage treatment plants in Canada is 13 years, water 
treatment plants 23 years and sanitary sewers 30 years. The 
report is to be used to support requests for higher levels or 
federal and provincial funding to assist municipalities in 
maintaining essential services, roads, sewage and water 


systems in particular. 


While the average ages quoted for sewage and water systems 
are not extreme, they are indicative of a problem that is 
growing as the economic climate of the country continues to 
dictate financial restraint measures by all levels of govern- 
ment. The federal government's involvement with municipal 
water and sewage systems decreased sharply after 1980 when 
financial assistance programs that had been available through 
the Canada Mortgage and Housing Corporation (CMHC) were with- 


drawn. 


The following paragraphs outline major federal programs 


that have been available to assist municipalities. 


l Ottawa Citizen, 1985. $12B needed to fight urban rot: 


report. January 18, p. 2. 
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Canada Mortgage and Housing Corporation 


Federal financial participation in municipal sewage and 
water systems began in 1938 with the Municipal Improvements 
Act “(Bircham @ Bond, 1984). Under this. Act. 2 loan program 
was made available as an employment stimulator for a short 
period. Again from 1963 to 1966, as another employment 
stimulator, the Municipal Development and Loan Act made 


funds available for sewage facilities. 


The major CMHC Sewage Treatment Program was initiated in 1960-61 
as an amendment to the National Housing Act. Initially the 

new program was conceived in response to a weakening employ- 
ment situation, but by the time it came into effect, employment 
had improved and the primary objective became pollution control. 
In particular, there was mounting evidence of ground water 
pollution resulting from construction of numerous residential 


subdivisions with septic services and well-water supplies. 


Under the Sewage Treatment Program, low cost loans with a 
partial capital cost forgiveness feature were made available 
for construction of sewage collection and treatment works. 
Loans Carried an interest /ratei-sone one To *twolrppercent 

below market rates available to municipalities. The loan 
forgiveness feature amounted to a grant of one-sixth of 


Gavacal costs. 


In 1975, the CMHC program was renamed as the Municipal 
Infrastructure Program and its eligibility was expanded to 
include regional planning for sewage and water and the 


provision of water supplies to newly developing areas. 


In 1979, the Municipal Infrastructure Program was combined 
with others in a block-funding program referred to as the 
Community Services Contribution Program. The change to 
block funding was in recognition of provincial and municipal 


responsibility for local works and undertakings. 


The three CMHC programs are summarized in Table 12.1, and 

the financing involved is summarized in Table 12.2. It has 
been estimated that between 1961 and 1980, CMHC loans 
subsidized about one-third of municipal capital costs for 
sewerage and water,and grants accounted for nearly one-tenth 
of those costs (Bircham & Bond, 1984). More than two billion 
dollars were provided as loans for some 4,500 projects, and 
grants totalling three-quarters of a billaon dollars were 
contributed to 6,100 projects. 


Funding for the Community Services Contribution Program was 
ended in 1980, removing CMHC from the financing of municipal 
facilities, except for a $65 million commitment transferred 
to Canada Water Act funding for pollution control works at 
Great Lakes municipalities. The government's reasoning for 


ending its program was based on four points!: 


a) the question of whether it was appropriate for. the.cederal 
government to continue funding services that were within 


provincial jurisdiction; 


b) the question of the accountability of the government 
collecting the funds through taxation yet not being 


responsible for the expenditures, 


c) the job creation effectiveness of the program did not 


match that of other programs, anc. 


d) fiscal restraint required reallocation of funds to programs 


of higher priority. 


The block funding nature of the program made it difficult to 


ascertain whether funds were spent for intended pruposes. 


1 Robert Bockstael, Parl. Sec. to Minister of Transport. 
Commons Debates. Jan. 18, 1981. p. 6552. 
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COMPARISON OF THE THREE MUNICIPAL INFRASTRUCTURE PROGRAMS 
ER PERUGRAMS 
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Sewage Treatment Program, 196]-1974 
fecha RN ARB ELS ANI ODS LI IR ACH ee Se 
Objectives 


1) Job creation. 
2) Water pollution abatement. 


Municipal Infrastructure Program, 
u -1978 


Objectives 


1) Water pollution abatement. 

2) Encouragement of ".. 
land management and residentia} 
development in previously 
undeveloped areas." 


« Comprehensive 


Community Services Contribution 
Program, 1979 and 1980 


re a 


Objectives 


1) water pollution abatement. 

2) Increased provincial and municipal 
control over specific development 
programs. 

3) Inter-provincial equity. 


4) Greater flexibility. 


a. Se See or aS ae Se Se ee ee 


8 
Eligidie Projects Eligible Projects Eligible Projects 
Construction or expansion of: Construction or expansion of: 
») 


1) Sewage trunk lines and treatment 
Sewage treatment plants in new and 1) Sewage treatment plans in new and in new and existing areas. 
existing areas; existing areas; 2) Community water supply facilities for 
2) Sanitary trunk collector sewers in 2) Sanitary trunk collector sewers in new and existing areas (trucked, as wel] 
Doth new and existing areas. new and existing areas; as piped, water supplies). 
3) Storm sewers in previously 3) Trunk storm sewer Systems (holding tanks 
undeveloped areas; and any treatment facilities required) 
4) Water supply in previously in new and existing areas. 
undeveloped areas; 4) Sewer and water site services Provided 
5) Development of regional sewerage for residential land development 
and water plans. conforming to specified density criteria. 
5) Any other capital work in the federal- 
Provincial operating agreements, 
(e.g. 1m Newfoundland and Nova Scotia- 
solid waste disposal; and in Manitoba, 
Saskatchewan, and British Columbia- waste 
from energy facilities. 


ee ee 


Ineligible Projects Ineligible Projects Ineligible Projects 


Internal sanitary sewers: Internal sanitary sewers: "Works not cited in federal, provincial 
Storm trunk sewers; Repair/maintenance of existing systems; operating agreements.” 

Repair and maintenance of existing Water and storm sewer Projects within 

sewerage systems; existing urban areas. 

water supply projects. 
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Funding Assistance 


Loans to municipalities covering 
two-thirds of the eligible capital cost 
of the projects at interest rates 

only 1/8% more than the borrowing 

rate of the Federal) Government 

(usually 1-2% below market rate). 


Funding Assistance 


Grants to provinces under agreements as 
federal contribution to 
Provincially-approved municipal development 
in sewage and water infrastructure, as well 
as other community services. 


Funding Assistance 


Loans to municipalities covering 
two-thirds of the eligible cost of 
projects with 25% loan forgiveness as 
in STP. 


Grants equal to one-sixth of the 
Project cost (if financing was 
Incentive grants equal to 25% of obtained elsewhere). 
the loan amount would be forgiven 
under most conditions. High cost grants (if project costs 
exceed $250 per capita) for communities 


of small size or on difficult terrain. 


Funds covering 50% of the cost for 
regional sewerage/water plans under 
most circumstances. 


ee ee Se ie Parties ee She mleigel § 


Source: Bircham, Paul D. and Bond, Wayne K., 1984. The 
Impacts on Land Use of CMHC Municipal Infrastructure 
Assistance, 1961-1980. Environment Canada, Lands 


Directorate, Working Paper No. 32. 
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It is also clear that the funding process weakened the 
public's recognition of the federal contributions to 


municipal services. 


Regional Economic Expansion 


Federal funding of municipal sewage and water facilities. has 
been contributed under the objective of regional economic 
growth through several programs. For example, between 1962 
and 1969, the Atlantic Development Board provided financing 
for services in some 50 communities and provided the entire 
costs of water supply systems for fish processing plants 


and their dependent communities. 


The Department of Regional Economic Expansion Act (DREE) 
initiated the federal government's first truly comprehensive 
commitment to regional development policy. Established in 
1969, DREE absorbed a number of existing programs including 
the Fund for Rural Economic Development, the Agricultural 


and Rural Development Act and the Area Development Agency. 


In 1974, General Development Agreements (GDA) were signed 
with all provinces but Prince Edward Island for which a long 
range comprehensive plan was already in place. Subsidiary 
Agreements under the GDA's have been used to obtain federal 
support for numerous infrastructure developments. Depending 
on the needs of each region, a variety of water and waste 
treatment facilities were constructed. Examples include a 
new water supply for metropolitan Halifax-Dartmouth, water 
and sewage facilities for smaller communities, such as 
Sudbury and North Bay, sewage facilities for urban centres 
like Regina and Montreal, and the servicing of industrial 


parks in a large number of communities across the country. 


2’. 
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Industrial systems were also supported, including the 
upgrading of waste treatment systems of pulp and paper 
mills under agreements to assist the modernization of 

older plants. New or expanded water supplies were provided 


for fish processing plants im the Maritimes. 


Unfortunately, a comprehensive listing of water and sewerage 
facilities contributed to: by. DREE is not readily available, 
but, the. contribution. wasrsignificant » particularly in) Atiantic 


Ganadan 


The expired GDA's are now being replaced by Economic and 
Regional Development Agreements under DRIE, the successor 
of DREE. The future inclusion of assistance for municipal 


infrastructure under these agreements is uncertain. 
Prairie Communities 


When DREE was formed in 1969 and regional development programs 
consolidated within it, the Prairie Farm Rehabilitation 
Administration (PFRA) maintained its identity and became 
DREE's principal arm for programs involving community water 
and sewage services in the three prairie provinces. PFRA 
had already been involved in the development of dams and 
dugouts for community water supplies, but new Agricultural 
Service Centres Agreements were signed in 1972. Under this 
program, the federal government contributed some $54 million 
for water and/or sewage services for about 50 communities 
withy population) over 2,000.6) The. viability of these centres 
was considered essential to support agricultural growth in 
their, localities’. (Major urban centres of Winnipeg, Regina 
and Saskatoon and others in Alberta were not covered by this 
program.) Agreements expired with Alberta in 1979, 
Saskatchewan in 1983 and Manitoba in 1982. PFRA contributed 


- 157 - 


$¢28 million for 26 centres in Saskatchewan, $20 million 

for 15 communities in Manitoba, and $6 million for several 
towns in Alberta. The federal government's share of costs 
seems to have varied from about 70 percent in Manitoba to 


90 percent in Saskatchewan. 


Under 1979 Interim Subsidiary Agreements on Water Development 
for Regional Economic Expansion and Drought Proofing, water 
supplies were constructed for communities of fewer than 

2,000 inhabitants. The agreements renewed community water 
supply programs that had been in effect for some time and 
covered work to be completed by March 31, 1983. Cost sharing 
was on a 50:50 basis with engineering design services supplied 
by PFRA and required lands provided by the provinces. Total 
federal costs for construction were $5.3 million in 
Saskatchewan and $2.725 million in Manitoba. Alberta did not 


enter into an agreement. 


Late in 1984, Canada and Saskatchewan signed a new $32 million 
Subsidiary Agreement on Agricultural Community Water 
Infrastructure to renew community water development programs. 
A similar agreement is being discussed with Manitoba. 

Although now a part of Agriculture Canada, PFRA will’ be the 


federal agency implementing these agreements. 


The scale of PFRA's involvement with community water supplies 
is impressive. In Saskatchewan, for example, about 900 
community water supply projects have been completed. The 
number is much smaller in Manitoba where about 50 community 
water supplies have been built. Alberta has not expressed 
interest in cooperative programs for community services in 


recent years. 
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Comment 


The major federal assistance programs for municipal sewerage 
and water systems have been offered through CMHC, DREE and 
PFRA. Objectives of federal involvement have included 
direct employment generation, pollution control, residential 
development, industrial development, agricultural support, 
and meeting treaty obligations. Behind all these objectives 
is undoubtedly a recognition of the inadequacy of municipal 


taxation powers to defray the costs of infrastructural needs. 


Municipal infrastructure clearly falls within the ambit of 


provincial responsibility for local works and undertakings. 


Whether or not the federal government should initiate new 
programs to support sewerage and water systems obviously 
involves issues much broader than federal water policies. 
In addition to fundamental questions regarding municipal 
financial capabilities, there are questions of equity among 
communities which deserve to be addressed. Are the costs 
of developing assured municipal water supplies fon prac 16 
communities so inordinately high as to merit special treatment? 
Has the diversification and growth of the southern prairies 
reached a level at which special assistance for municipal 
infrastructure should be questioned? On the other hand, 
should the highly successful programs of PFRA be extended 
to the typically small agricultural communities aT “che 
Peace River region, or central New Brunswick and elsewhere 
in Canada? Should similar communities dependent on the 
forest industry be included in an expanded program? These 
questions are well beyond the scope ef water policy. They 
relate more to ability to pay, equity, regional development 


policies and federal-provincial relations. 
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If there is to be federal assistance, it would seem to make 
sense to have but one program under which municipal water 

and sewage facilities might be eligible to recelve-assistance, 
In ‘the past, some projects, such as the Montreal sewage 
facilities, have received assistance from more than one 
program. In other cases, like Halifax, major assistance 

has been provided to provide new water systems where no 
sewage treatment facilities existed even though the needs 

had been identified. Federal sharing of costs has varied 
from a low of about 17 percent under CMHC programs to 100 
percent under some PFRA and Atlantic Development Board programs. 
While the range of assistance levels may well be justified 

on various grounds, the availability of a variety of programs 
tends to create competition among programs and "fishing trips" 
by those seeking assistance. A single national program with 

a single set of eligibility criteria would help ensure equal 


treatment across the country or within a province. 


IT IS RECOMMENDED that the federal government 
review its past and current policies of 
financial support for municipal water and 
sewage facilities and develop a single program 
with a comprehensive set of objectives and 
eligibility criteria for use on a nationwide 
basis. 


13. TOXIC CHEMICALS 


2s. 
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13.4 TORT CUCRENLCALS 
Introduction 


Concern has been growing over toxic substances in the 
environment both on a worldwide basis as focussed upon 

by the OECD and domestically as dramatized by the discovery 
of mercury in water downstream of pulp mills and chlor-alkali 
plunts, and arsenic in water supplies near gold mine areas, 
and mirex, dioxins and other toxic chemicals in the Great 
Lakes. The greatest focus of public and governmental 
interest has been the lower Great Lakes that serve as the 
water supply for some six million people,‘including 4 million 
Canadians. With respect to the Great Lakes, Canada joined 
with the United States in 1978 in adopting a policy to 
prohibit the discharge of toxic substances in toxic 

amounts and to virtually eliminate the discharge of any 


or all persistent toxic substances. 
Environment Canada defines toxic chemicals as 


"those substances which, when released 

to the environment, or thereafter if 
chemically transformed through combination 
or otherwise, could pose a significant 
threat to natural ecosystems or to human 
health and well-being." 


The Revised Canada-United States Great Lakes Water Quality 


Agreement (1978) definition of a toxic substance ion One 


"which can cause death, disease, behavioural 
abnormalities, cancer, genetic mutations, 
physiological or reproductive malfunctions 
or physical deformities in any organism or 


1 Environment Canada, 1980. Toxic Chemicals Management 
Program. 
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its offspring, or which can become 
poisonous after concentration in the food 
chain or in combination with other sub- 
stances." 


There are some 65,000 chemicals produced commercially 
worldwide, only a small proportion of which have been 
subjected to exhaustive toxicological screening. Some 
200 to 1,000 new chemicals enter world markets each year 
and the costs of testing one can be in the order of 


$1.5 million. The task appears immense. 


Unlike the majority of programs discussed to this point, 
toxic chemicals management is not a discrete problem that 
can be dealt with effectively by a single agency of 
government. The topic is simply too broad, the impacts 
too diverse and the management options too variable. The 
key to dealing successfully with toxic substances in the 
environment is to subdivide the subject into component 
issues, each large enough to attract attention but small 
enough to be susceptible to solution. Major responsibility 
for dealing with each issue should then be assigned to a 
single agency with authority to draw on rie ski lis or 


others as required. 


On reviewing its roles with respect to toxic substances in 
general, the Government found that some 58 Acts were involved, 
administered by 24 departments, with programs coordinated by 
at least 80 mechanisms. At the same time, an overall 
guiding policy was found lacking. Four key departments 

were identified: Environment, National Health and Welfare, 
Fisheries and Oceans, and Agriculture. The four developed 
terms of reference for a formal Interdepartmental Committee 
on Toxic Chemicals, proposals for the collective inter- 
departmental tackling of problems, and a policy framework 

to guide federal departments involved in the management 


of toxic chemicals. 


2. 
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In January 1984, the Government approved the formation 

of the Interdepartmental Committee on Toxic Chemicals 
(ICTC) for an interim three year period. The Committee was 
instructed to prepare and recommend federal action. plans 

on five priority issues: dioxins, drinking water safety, 
pesticides, contaminants in fish, and andoor “air 

quality. Four of the five issues are directly related 


to water management. 


Interdepartmental Committee on Toxic Chemicals 


les eee Purpose 


The role of the ICTC is to identify major issues arising 

in the toxic chemicals areas, develop overall policy and 

a coordinated approach to managing toxic chemical activities 
in respect to the federal government as a whole, and provide 
authoritative advice to Ministers on major policy and resource 


allocation questions. 


The ICTC does not usurp the line authority of departments , 
nor does it preclude existing procedures whereby departments 


work with central agencies, such as the Treasury Board. 


13.2.2 Membership 


Membership of the ICTC includes senior officials from 

11 departments: Environment (Chair) National Health and 
Welfare Agriculture Fisheries and Oceans Transport 

Indian Affairs and Northern Development National Research 
Council Consumers and Corporate Affairs Regional Industrial 
Expansion Labour and External Affairs. Observer status 

is provided for several central agencies including Treasury 


Board and the Privy Council Office. 


13,225" *®PolicyUbsective 


The objective developed by the ICTC and adopted by the 


Government is: 


"To manage chemicals in Canada in a 
manner that permits enjoyment of the 
economic and social benefits that accrue 
from their production, trade and use 
while achieving and maintaining a 
condition of the environment necessary 
for the health and well-being of human 
beings, protection and conservation of 
natural resources and the health and 
diversity of species and ecosystems, 
now and in the future.” 


This objective implies that: 

(a) the chemical industry would contribute to the economy; 

(b) chemicals would be available to contribute co produc= 
tivity in manufacturing, agriculture, FOTEStryY, WineraL 


and other resource sectors; and, 


(c) chemicals would be available to contribute to human and 


animal health and well-being, 

while: 

(a) permitting environmental quality goals to be achieved 
through remedy of adverse impacts of chemicals now in 


the environment; 


(b) preventing future problems from arising in the proguc= 


tion, distribution, use and disposal of themicals; and 


(c) ensuring health and safety of people. 
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13.2.4 I1CTC.s,strategy 


(a) Risk Assessment 


Canadasasyveo party tortherd 981i, OECD decision on ‘the mutual 
acceptance of data in the assessment of chemicals and sub- 
scribes to a 1974 OECD recommendation that prior to marketing 
of chemicals and chemical products, their potential effects 

on man and his environment be assessed. To ensure consistency 
in testing requirements of federal agencies and that they 

meet international obligations, the ICTC will review 
procedures used by departments to identify and estimate 


hazerdsi: 
(b) Risk Management 


Risk management involves balancing various social and 
economic benefits against health and environmental risks 
to predict the consequences of alternative actions and to 


select the optimum strategy. 


The ICTC will develop and implement procedures for 
determining which federal statutory authority would be 


most appropriate to use in response to a given problem. 


The ICTC will also review various alternative and supple- 
mentary approaches to direct regulation and examine their 


effectiveness under different circumstances. 


(c) Compliance and Enforcement 


The ICTC will review federal agency inspection activities 
to improve coordination of monitoring and regional 


laboratory services. 


De 


(d) Priorities for Action 


The ICTC is charged with the identification of special 
issues that merit priority for interdepartmental collabora- 
tion. For those issues, the Committee will develop 
coordinated action plans that address the resource 


requirements of the agencies involved. 
(e) Research 


The ICTC coordinates research for the three-year action 
plans on special issues and promotes research and develop- 
ment of clear technologies for chemical production, recycling 


and HEECOVeERY pVLOcCesses- 


Losec <5 Principal Roles of Main Agencies 


DOE = monitoring the aquatic environment for presence 
levels and effects of toxic substances. 


characteristics research on toxic substance 
pathways, transformations, chemical characteristics, 
bioaccumulation, toxicity to biota, eventual environ- 


mental fate, damage to aquatic communities. 


inventory of potential sources of toxic substance 
release into the environment incorporating an 
analysis of the commercial life cycle of types 
and quantities of toxic chemicals including waste 
residuals released or with a potential of release 


to the environment. 


assessment of potential effects of toxic substances 
on environmental health, and priority-setting for 


action. 


NHW 


ology 


control information and warnings to public, 
provinces and industry, identification of remedial 
measures, identification of substitutes, regulation 
of waste management under Section 33 of_ the Fisheries 


Act, regulation under Environmental Contaminants Act. 


advice (a) to Agriculture on pesticides registration 

(b} to Transport on transportation of 
dangerous goods 

(c) to AECB on environmental implications of 
waste management in nuclear industry 

(d) to National Health and Welfare on newly 
identified toxic substances 

(e) to Indian Affairs and Northern Development 
on waste management requirements for 
inclusion in water use licences 

(£) to ExternaleArraixs and 1JC concerning 
Boundary Waters Treaty obligations and Canada- 


U.S. Agreement on the Great Lakes, and others. 


characteristics research on toxicity to humans , 


bioaccumulation, and health criteria 
assessment of potential impacts on humans 
control through drinking water quality guidelines 


advice (a) to Agriculture on pesticides registration 

(b) to Environment on toxicity and other 
environmental contaminants 

(c) to Fisheries and Oceans on edibility 
significance of contaminants in fish 

(d) to Environment on Great Lakes Water 
Quality 

(e) to Transport on transportation of 


dangerous goods. 


DOA 


DFO 
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assessment of efficacy and risks of pesticides 
with respect to agricultural productivity and 


product marketing. 


control of pesticides through registration under 
the Pest Control Products Act, including tormula- 
tions, acceptable levels of contaminants, use 


categories, application methods. 


monitoring of toxic substances in commercial and 


sports fish, food chains and ‘habitat. 


characteristics research on exposure, bioaccumula- 


tion and effects of substances on fish. 


assessment of fish edibility, marketing risks, 


fisheries productivity. 


control measures through industrial waste disposal 


requirements under the Fisheries Act. 


advice (a) to Environment on industrial and 
municipal waste treatment requirements 
for implementation under Fisheries Act 
(b) to Agriculture on registration of 
pesticides 
(c) to Environment on implications of toxic 
substance contamination on the health 


and marketability of fish. 


control through regulations under the Transport 


of Dangerous Goods Act. 


monitoring and surveillance of industrial waste 


management in the North. 


control through waste management requirements 


contained in water use licences in the North. 
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TOXIC CHEMICALS MANAGEMENT 


MONITORING 
(DOE, DFO) 


IDENTIFICATION 


: PROBLEM 
(DOE, NHW, DFO, NRC) | 


INVENTORY 
(DOE) 


ASSESSMENT 
& 
PRIORIZATION 
(LLG) 


ACTION PLAN 
EVALUATION 


ACTION 


PLAN 


= «On tLro LS 
(DOE, DOA, NHW, DFO, 
AECB ) 


advice to provinces 
(DOE, DOA, NHW, DFO) 


alternative to toxic 
substance use 
(DOE, DOA) 


OA 
Us 
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Toxic’ Chemicals. Action, Plans 


The first task assigned /to’ the PGLC has been to develop 
three-year action. plans. for five, priority, issues sa. 
drinking water safety; dioxins; pesticides ;, contaminants 
Of fish; and, indoor air quality. (beadership roles, have 
been assigned, collaborating departments identified, 
issues defined, and proposed strategies outlined. 


Comprehensive strategies are being developed. 


These issues are not mutually exclusive. Pesticide 

Management practices, for example, affects the presence 
of dioxins in pesticides as well as the distribution of 
pesticidal components in the environment, including raw 


drinking water supplies and fish habitat. 


Management by issues crosses lines of responsibility 
both among departments and within individual departments. 


The. latter 25 particularly true for Environment . 


13,3.) Drinking Water Sarety 
(a) Issue 


There has been a recent increase of awareness of chemical 
contamination of drinking water supplies focussed around 
leakage from U.S. toxic waste dumps in the Niagara region, 
pesticide infiltration into ground water and runoff into 
surface water supplies, and localized arsenic and 


contamination in mining areas. 


Rapid advances in analytical methods has led to detection 
of trace concentrations of more than 2,000 chemicals not 
previously detected in watercourses. Many of these are 


known to be toxic, mutagenic, carcinogenic or teratinogenic. 


~ 27D % 


The efficacy of water treatment technologies in removing 


many of these chemicals is unknown. 


Chemicals used to treat raw water supplies are not: subject 


to any regulatory quality controls. 


Point-of-use, or household treatment devices are not 


adequately regulated. 


Canada has no drinking water standards, only guidelines 
for some 52 parameters, only half of which are routinely 


monitored by provincial authorities. 


The provinces jealously protect their jurisdiction over 
drinking water quality as a health issue, a matter of 


loca li concern. 


General authority for federal involvement is found in the 
criminal and peace, order and good government constitutional 
powers. Section 5 of the Department of National Health and 
Welfare Act provides that the powers of the Minister extend 
to and anclude all matters relating to, the promotion and 
preservation of health of Canadians. The Food and Drug 

Act provides for the regulation of health implications 

of food and drugs sold in Canada. By definition under 

that Act, water is a food. The Act was written with 
packaged goods in mind, however, and some of its provisions, 
such as those for search and entry or seizure of products, 
are not appropriate for application to community water 


supplies. 


Technically, the question of regulating the quality of 
drinking water is not a water resource management issue. 


Rather, it is an issue relating to the quality control of 
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a water product after it has been withdrawn from nature 
and before it is sold or delivered for consumption. For 
practical purposes, however, it is a resource management 
matter as well, since some contaminants of raw water are 


not readily susceptible to removal. 


(b) Objective 
The objective of the federal drinking water safety program 


is to promote the protection of natural water quality and 


the appropriate treatment of drinking water supplies. 


(oy oeuaAtes, 


The detailed strategy being prepared by National Health and 


Welfare will incorporate the following elements: 


(a) protection of Taw water quality through?pusdelinesstor 
POLLUTION scontrok LUE, 


(b) assessing suitability of water bodies for drinking 
water (DOE); 


(c) joint federal/provincial water quality improvement (DOE) ; 


(d) toxicity research (including carcinogenicity) of 


chemical water contaminants, especially organics (NHW) ; 


(e) epidemiological studies in areas of known contamination 
(NHW) ; 


(f) surveys of drinking water for contaminants (NHW); 


(g) provision of a national reference service for drinking 


water contaminants (NHW); 


St 


(h) provision of analytic services for some unequipped 
provinces (NHW, DOE); 


(i) review of conventional water treatment technologies 


for removing chemical contaminants (NHW); 
(j) development of new treatment technologies (NHW); 


(k) research into alternatives. to chlorination for 
disinfection to avoid production of carcinogenetic 
substances (NHW) ; 


(1) investigation of suitability of point-of-use water 


purifiers (NHW); 


(m) legislative proposals to control drinking water treat- 


ment chemicals (NHW); 


(n) revision and expansion of "Guidelines for Canadian 
Drinking Water" (1978), (NHW); 


(o) legislative alternatives for drinking water standards 
for the federal domaine (NHW); 


(d) Comment 


Interestingly, the federal government has the authority to 
regulate the "drinking" water of fish and migratory birds. 

It even regulates the drinking water quality of migrating 
people while aboard a common carrier, but not once one has 
arrived at a destination. Strange quirks of constitutional 
‘fate. : 

If there are certain levels of carcinogenicity, mutagenicity, 
or other category of toxicity at which the federal govern- 


ment is moved to act to protect Canadians from ingesting 


contaminated foods and drugs, the same should apply to 
drinking water, whether drawn from a bottle or a tap. 

It is arguable that those substances that are highly 
toxic, disperse readily in the environment, are persistent 
and accumulate in the tissues of biota (including humans) 
are of urgent national concern, and as such are subjected 


tor federal regulation. 


In 1974, the United States passed a Safe Drinking Water Act 
allowing the setting of federal standards and recognizing 
the authority of States to enforce them. Provisions were 
also contained to undertake action should states fail to 
enforce federal standards. Provision is also made to 
require.that the public is informed if federal standards 
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IT IS RECOMMENDED that National Health and 

Welfare, in consultation with the provinces, 
establish definitions for matters of urgent 
national concern Tespecting "toxic Chemicars 
in drinking water and ‘the ‘treatment "thereor. 


IT IS FURTHER RECOMMENDED that the. federal 
government enact a Safe Drinking Water Act 
to authorize the regulation of contaminants 
of urgent national concern; regulation of 
chemicals used for water treatment; and, 
regulation of sale of household water treat- 
ment systems. 


Many of the strategies listed above are already on-going. 
The detailed strategy will effect their coordination and 


augmentation. 


The figures listed below for the lead department indicate 
that there has been no change in manpower allocated to the 


drinking water program of National Health and Welfare over 
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the last five years. While financial resources increased 
quite sharply, in current dollar terms, between 1980-81 
and 1983-84, they fell by 26% in 1904-85 ‘to return ro 

the levels of 1982-83. 


APPROXIMATE RESOURCES* 


ENVIRONMENTAL HEALTH DIRECTORATE 
NATIONAL HEALTH AND WELFARE 


$000's and (p/y) 


80-81 81-32 82-85 83-84 84-85 
Drinking 
water S510. 5 eo C06 te se fees) UU tl tee 
Acid rain 
effects Sot ee) 38(0 .2) AA (Ont) Bln 2:10) 27( 0 


*Data courtesy of NHW. 


While these figures may appear to be surprisingly low, at 
must be borne in mind that progress on drinking water 
requirements is closely supported by activities in other 
budgetary divisions of National Health and Welfare, pesticide 
product review and environmental contaminants, for example. 
The Department's 1984-85 budget provides for $1.1 million 

and 29 person-years work on pesticides and $2.6 million 


and 31.5 person-years dedicated to environmental contaminants. 


First estimates suggested that the current resource alloca- 
tion to National Health and Welfare for drinking water 
programs will need to be augmented from the current level 

of 10 person-years and $800,000 annually to 37 person-years 
and $6.4 million annually. About 4 person-years- and $250,000 


additional resources will be required by Environment Canada. 


2) 
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1 a act CdS 


Coordinating Department: Environment 
Collaborators: National Health and Welfare, 
Agriculture, Fisheries and Oceans, 


National Research Council. 
(a) Issue 


Dioxins are a group of 75 chemicals produced adventitiously 
with the manufacture of certain chemical products, particu- 


larly pesticides, and as a by-product of combustion. 


Only two dioxins have been tested comprehensively and both 
have been found to be carcinogens at very low exposure levels. 
While most dioxins are not thought to be particularly CORLeG 
assurance is required since they are known to pe. very 
persistent and their detection in humans and wildlife 


raises considerable concern. 


The most toxic dioxin known, 2,3,7,8-TCDD, was found to be 
present in widely used herbicide 2,4,5-T. Improvements 
in manufacturing processes have reduced contamination to 


acceptable Tevelss 


A monitoring program of herring gull eggs in the lower 

Great Lakes area first detected the presence of dioxins in the 
Lakes. The major source has been identified as industrial 
waste dumps of chemical plants in the United States, parti- 


cularly in the Niagara River area. 
(bd). Objective 


The objective of the Canadian dioxin program is to take 
immediate control action of major known sources of dioxins 


to minimize their entry into the environment. 
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(c) Strategy 


The basic strategy is to identify dioxin pathways into 
the environment, determine effective means of preventing 


entry, and take the indicated preventative action: 


The strategy includes a decision to put low priority on 
further refinements in risk assessment of individual dioxins. 
This decision was taken in consideration of the urgency 
involved and the knowledge that the assessment of the most 
toxic dioxin, 2,3,7,8-TCDD, involved 10 years of intensive 


worldwide research at a cost of some $100 million. 


A major element of the strategy has been to identify 
sources of dioxin entry into the lower Great Lakes system 
and to urge the United States to require a clean-up of 
chemical industry waste sites leaking dioxins and other 


toxic substances into the environment. 


An interdepartmental strategy to control dioxins within 
Canada was announced in December, 1983.1 It has two major 


components. 


The first is to control the life cycle of dioxin-containing 
substances, including industrial waste disposal practices. 
The second is to assess the potential for dioxin formation 


from various combustion sources. 


The action plan identifies the potential pathways into 


the environment for each of the seven known dioxin-containing 


1 Canada, 1983. Dioxins in Canada: The Federal Approach. 
Interdepartmental Committee on Toxic Chemicals, 
Environment Canada. 


chemicals that have been used in Canada and outlines 

steps being taken to reduce potential problems. Stages 
Otothe Life~cycle beings serutinized are Tepistration, 
manufacture, formulation, transportation, storage,-use 

and disposal. Major means of control are the Pest Control 
Products Act, Food and Drug Act, Transportation .of 
Dangerous Goods Act, and the Environmental Contaminants 
Act. While not specifically water management acts, 

their successful implementation can regulate most avenues 


of dioxin entrance into the environment. 


Registration, ofapestacides under the, Pest Control ibroducts 
Act provides for the regulation of product formulations and 
categoriss of,uses permitted. such 2s werial or round 
applacation and,agticuitural, or, forestry, uses. Lie wct 

is administered by Agriculture Canada with advice from 
Environment, National Health and Welfare, and Fisheries 

and Oceans. Maximum dioxin levels have been prescribed 

for 2,4-D and 2,4,5-T and are being investigated for 
tetrachlorophenol and pentachlorophenol, two wood 
preservatives. Registration, ofetriclosan sor Jani ted 


pesticide use is being re-examined. 


National Health and Welfare administers the Food and Drug 
Act under which the dioxin levels and use of hexachlorophene 


and triclosan in health care products are controlled. 


All known dioxin-containing products are listed under the 
Transportation of Dangerous Goods Act administered by the 
Department of Transport. The Act provides for reasonable 
safety standards for packaging, handling and transporting 
goods, and in the case of waste products, to ensure that the 


correct type and quantity reaches intended destination. 
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The action plan calls for use of the Environmental 
Contaminants Act to collect information from industry to 
learn of possible past manufacturing of dioxin-containing 
chemicals and to monitor use patterns so that an inventory 
of possible trouble-spots may be maintained. 


The historical deep-well injection disposal at pesticide 
manufacturing plants is being re-examined by the three 
provinces involved (Alberta, Saskatchewan and Manitoba). 
Environment Canada is investigating high temperature 


incineration as an alternative to deep-well disposal. 


A federal-provincial abandoned waste site program is under- 
way to determine the extent to which toxic chemicals may 
be creating problems. Some 4,500 sites are being assessed 


to determine where remedial action may be required. 


Monitoring programs include analyses of commercial fish 
by National Health and Welfare in cooperation with 

Fisheries and Oceans. The latter will also monitor for 
dioxin contamination in other aquatic biota to determine 


trends. 


Environment Canada, through the Canadian Wildlife Service, 
has been using birds eggs to monitor for contaminants 
including dioxins. A herring gull egg monitoring program 
first identified the presence of mirex and dioxins in the 
Great Lakes and has been used to monitor the long-term 


effects of control programs. 


Other monitoring programs include detailed investigations 
of dioxins in known or suspected areas including the 
Niagara, Detroit and St. Clair rivers. Water and sediment 
analyses are conducted by the Inland Waters Directorate of 


Environment Canada. 
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In Light or a Vast international. rescarcn erfGre, On, ilexins 
Che Canadian Action plan 1S “lamited.” “ne current. precral 
exceeds $1 million. The objective of one project is to 
define the chemical properties of the higher chlorinated 
dioxins that determine the bioaccumulation and persistence 
potentials of these compounds. Another is to test the 
rather simple enzyme tests used to predict toxicity of 
dioxins. A Carcinogenic study of a predicted unactive 


GlOXinNe WLLL be. Carried Out. 
(d) Comment 


Initiatives available to the federal government are weakest 
in the waste management sphere. Both industrial and general 
waste disposal regulations are the responsibilities of 
provincial governments. While the Fisheries Act may be 
applicable in some instances, this would occur only after 

a landfill site had become defective with leakage of toxic 


chemicals into the ground water and thence to fish habitat. 


The federal action plan provides for development of codes 
of good practice for waste disposal and the encouragement 
of their adoption by industry and by the provinces that 


regulate waste management. 


The very nature of dioxin-containing substances dictates 
that control emphasis be placed on preventing them from 
entering the environment in the first place. Some are 
highly toxic. They persist for long periods. They 
accumulate in the tissues of biota, including man. When 
they enter water they dissolve, disperse and are to all 
intents and purposes impossible to remove through water 


treatment. 


The federal action plan is on the right course in emphasizing 


viligant implementation of the Pest Control Products Act, 
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Food and Drug Act and the Environmental Contaminants Act. 
As has already been recommended, however, the latter 
requires strengthening to place the onus on the chemical 
industry to prove dioxin-free nature of its products 
before they are imported, manufactured or used in Canada. 
But even further strengthening is required. Not only 
should chemical products be dioxin-free, or be within 
approved limits, the waste products of their manufacturing 
must also be dioxin-free before disposal into the environ- 
ment. The regulation of waste disposal of highly toxic 


substances would require additional amendments to that Act. 


IT IS RECOMMENDED that the authority of the 
Ministers of Environment and National Health 
and Welfare under the Environmental 
Contaminants Act be extended to provide for 
the control of manufacturing or processing 
of substances, when the waste products of 
such operations contain dioxins or other 
persistent toxic, bioaccumulative substances 
in quantities or concentrations exceeding 
prescribed levels. 
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Coordinating Department: Agriculture 
Collaborators: Environment, National Health and 
Welfare, Fisheries and Oceans 
(a) Issue 
The insecticidal properties of DDT were not recognized until 


1939. Used during World War II to control disease-carrying 


lice, it was not introduced commercially until 1945. “Since 


that time, agricultural and forest management practices have 


intensified dramatically with a concommitant increase in use 


of insecticides and herbicides: 


In recent years, the Canadian pesticides registration process 


has 


been placed under considerable stress resulting from 


several factors, among which have been: 


(a) 


(Db) 


Ee) 


(d) 


a growing number of new pesticides proposed for 


registration by the chemicals industry; 


the discovery in 1977 that one of the major pesticides 
testing laboratories in the US had been producing 
unreliable data, requiring the re-evaluation of many 


pesticide registrations; 


a need to re-evaluate widely used pesticides registered 
when testing methods and standards were less sophisticated 
than today, plus a need for still more informative testing 
programs. 

a request by Canadian forestry ministers for priority 
attention to 15 pesticides required to meet urgent 


forest renewable programs. In 1982, only the 2,4-D and 


2,4,5-T herbicides were registered for forestry use 
and several provinces did not permit the use of 
AT, eh Tok 


(e) advances in analytical techniques making it possible 
to detect the presence of very small amounts of 
pesticides in the environment, in concentrations of 


unknown biological significance; and, 


(f) pressures from interest groups seeking the banning of 
pesticide use, or more stringest controus, pilus pressure 


from producers and users for a better registration system. 
{(b) Objective 


The objective of the pesticides registration process Psq.t0 
regulate the manufacture, sale, storage, display, export 
and use of pest control products to ensure safety to human 
health from exposure to pesticides and their residues in 
foods, protection of the environment, and pesticide 


efficacy against identified pests. 


{c), Stratecy 


Agriculture Canada administers the Pest Control Products 
Act with the advice of National Health and Welfare, 


Environment and Fisheries and Oceans. 


In consultation with its advisor departments, Agriculture 
specifies the data packages of scientific information 
required of manufacturers when applying for registration 


of pesticides. 
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Agriculture and Forestry review the submitted efficacy 
data against specific pests and carry out field trials io7 
their own. The two agencies also assess pesticide residue, 


fate, soil persistence and leaching eharegeteristics. 


National Health and Welfare assesses the toxicological 
implications for humans of each new pesticide, establishes 
the safety measures for those who handle the products or 
may otherwise be exposed to it, and determines residue 


Limits <boretoods? 


The Fisheries and Cceans review concentrates on fish habitat 
protection. The physio-chemical properties Gi the active 
ingredients and formulations are assessed with particular 
attention being given to rates of degradation and the 
products thereof, persistence and fate in water, Fisk Gr 
fish exposure, bioaccumulation, and the accute and sublethal 


responses of fish and other aquatic organisms. 


The review processes of Environment Canada are designed to 
ensure that the environmental safety of proposed pesticides 
has been adequately demonstrated. The aquatic oriented 
review is designed to identify and quantify the likelihood 

of contamination of aquatic systems, including ground water 
and waterfowl habitat. The biological availability and 
toxicological significance of these exposure situations to 
migratory birds and other wildlife are assessed. Persistence 
of pesticides and their degradation products, their mobility, 
their potential for bioaccummulation, and their potential 

to disrupt ecosystems are examined. Environment Canada 

also recommends requirements for safe disposal of 

pesticide containers and leftover product. 

The information available on resources assigned to the 


pesticides registration review process by advisor departments 
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is shown in Table 13.1. The recent substantial increases 
assigned to National Health and Welfare and Environment 
were in response to pressures to reduce the backlog of new 
pesticide applications and the re-evaluations required 
where original data submissions were found to be suspect. 
The percentage of these resources directly related to the 


aquatic implications of pesticides cannot be segregated. 


Table 13st 


RESOURCES 
Pesticide Registration Review 


Advisory Departments 


80-81 81-82 82-83 83-84 84-85 
P-Y $000 P-Y $000 P-Y $000 PY ‘$000 p-Y $000 
NHW 7 435 Sind 448 be 647 77.0 990 288 | 4bse 
DFO 0 1.0 186 P20 lB 5o** 
EPSl 1h 10 Te 2.0 §.0* 429 
CWS* 529 135 1x0 0 Tee 5s0** 
* Two not staffed ** Estimated 


l Environmental Protection Service, DOE 
2 Canadian Wildlife Service, DOE 


The review processes are supported indirectly by research 
programs to monitor environmental pathways, fates, and 
bioaccumulations in fish and aquatic birds. The Environmental 
Protection Service of Environment Canada (EPS), for example, 
has a limited program to identify and assess pesticide use 
patterns, to monitor ground water contamination in Prince 
Edward Island, to analyze the levels of pesticide runoff 

in water and fish in selected rural watersheds, and to 
assess the bahaviour of pesticide residues in watercourses. 
Resources allocated to these projects amounts to but 3.5 
person-years and some $333,000 per year. The EPS 


also works with provincial regulatory agencies 
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advising on major spray programs, gs Sls tate es'Saren use: 
seminars with applicators and advising on disposal methods 


for used pesticide containers. 


Fisheries and Oceans test for some vesticide residue 
accumulating in fish as a part of theiritoxic+chemicals 


monitoring program. 


The Canadian Wildlife Service monitors for selected pesticides 
as) (part wr its study .oL toxic substances accumulating in 


the eggs of fish eating gulls in the Great Lakes. 


Agriculture Canada is now developing a revised pesticides 
management plan with the collaboration of National Health 


and Welfare, Environment, and Fisheries and Oceans. 


The action plan is expected to provide for a better 
coordinated and more efficient pesticides review process 
through: 


(a) establishment of clearer guidelines to industry on the 


scientific data requirements for product registration; 


(b) preparation of evaluation guidelines to improve con- 


sistency and impartial decisions in the review process; 


(c) a priority-rating system for selecting products in use 


for re-evaluation; 


(d) increased emphasis on determining the. significance of 


trace amounts of pesticide residues in the environment; 
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(e) expanded programs to monitor use and effects of 


pesticides; 


(f) new programs to inform the public of methods and criteria 
used in the pesticides evaluation process, including the 
risk/benefit analyses employed in the risk management 
process and the inherent uncertainties related to some 


decisions; 


(g) a new approach to obtain public contributions to pest 


control product regulatory decisions; and, 


(h) accelerated promotion and development of alternatives 


to chemical pesticides. 
(d) Comment 
bével of Erfort 


Canada is recognized as having one of the most stringent 
pesticide registration review procedures in the world. 

A number of countries rely on Canada's decisions respecting 
specific products before making their own decisions concerning 
use in their countries. Yet until very recently, the 
resources available to Agriculture's advisor departments 
has been seriously inadequate, resulting in a large backlog 
in the review process for both new products and theo re- 
evaluation of older registered pesticides. While National 
Health and Welfare has received what it considers to be an 
adequate increase in manpower allocation, rising from 11.5 
to 28.8 person-years since 1982-83, the other advisor 
departments' capabilities remain woefully weak and will 
require augmentation when the new three-year action plan 


is reviewed for approval. 


It is important that both Environment and Fisheries and 

Oceans obtain adequate resources needed for responsible 
contribution to the registration process. At the same 

time, in recognition of the general scarcity of funds 
available to the Government, it is essential that there 

be no duplication of effort. In this regard, it appears 

that the aquatic assessment of pesticides by the Environmental 
Protection Service of Environment closely parallels that of 
Fisheries and Oceans. The two programs need review to 


ensure their mutual support. 


IT IS RECOMMENDED that high priority be 
assigned to augmenting the resources 
assigned to carefully coordinated 
pesticide registration programs of 
Agriculture, Environment and Fisheries and 
Cee ans 


Placing the emphasis on the pesticide registration process 
is justifiable both from the problem prevention standpoint 
and because, once placed on the market, pesticide use is 
difficult to regulate. It is incumbent on those respon- 
sible for product registration to monitor the pathways, 
fates and effects of pesticides in the environment both to 
test the predictions on which registration decisions were 
based and to assess the adequacy of the use regulation 
system. As previously noted, there does not appear to be 
a cohesive program of monitoring, and in this regard the 
potential contribution of the new water quality monitoring 
network of Environment's Inland Waters Directorate should 


not be overlooked. 


IT IS RECOMMENDED that the revision of the 
pesticides management plan being prepared by 
Agriculture Canada place emphasis on developing 
a comprehensive program to monitor the pathways, 
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fates and effects of registered pesticides 
to test pre-registration assumptions 

and assess the adequacy of compliance with 
registration provisions. 


Responsibility Centres 


The historic shortage of resources dedicated to the pesticide 
management process may be a result, in part at least, of 

the absence of a clearly legislated mandate for the ministers 
of National Health and Welfare, Environment, and Fisheries 
and Oceans to contribute to decisions under the Pest 

Control Products Act. Some critics go so far as to 

recommend that responsibility for the Act should be 

assigned to a minister who is not a proponent of increasing 
agricultural productivity and consequently a proponent of 


pesticide use. 


On the other hand, it is clear that the pesticide review 
process involves the weighing of both Tisks and benefits, 
and all the departments involved have their particular 
biases. The three advisor departments all have strong 
"safety" biases. Agriculture has its productivity bias, 
but it also has a safety bias with respect to the market- 
ability of residue-free farm products, the protection of 
pollinators and natural predators of farm pests and the 
protection of farm water supply quality, On balance, 
Agriculture seems to be the reasonable choice as decision- 
maker, but with one proviso -- the Pest Control Products 
Act should be amended to recognize formally the practice 
of basing decisions on the advice of the advisory 


departments. 


IT IS RECOMMENDED that the Pest Control 
Products Act be amended to provide for 
product registration based on advice from 
the Ministers of National Health and 
Welfare, Environment, and Fisheries and 
Oceans. 
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14. LONG RANGE TRANSPORT OF ATMOSPHERIC POLLUTANTS (LRTAP 
Issue 


A decade ago, water quality management meant treatment of 
municipal and industrial liquid wastes and the regulation 

of some farm practices to reduce pollution from surface 
drainage. Little, if any,. thought was given to the atmosphere 
as a source of water pollution. The significance of long 
range transport of airborne pollutants (LRTAP), or acid 

rain, only began to come into focus in Canada in the mid 

70's with the identification of toxic substances in the 

Great Lakes and the loss of fish productivity in Scandanavian 
lakes. The source of the latter problem was traced to sulphur 
dioxide emissions in the industrialized areas of Great 


Britain and western Europe. 


These findings stimulated research interests in eastern 
Canada where early studies found evidence of surprisingly 
acidic rainfalls and spring snow melts, a tentative relation- 
ship between increasing water acidity and reduced salmon 
productivity in several Nova Scotian rivers, and suspicions 


of reduced forest growth. 


More recent research indicated that there are more than 
260 million hectares of eastern Canada including thousands 
of lakes that are susceptible to acid rain damage. 

These areas have naturally acidic soils with low buffering 
capability. Signs of stress have been found in 

many lakes surveyed in Ontario and Québec. At least ten 
once important salmon rivers in Atlantic Canada no longer 


support salmon runs; others are under stress. 


The problem is compounded by the ability of acid rain to 
leach toxic metals from soils and exposed bedrock, increasing 


their concentrations in watercourses. Mercury, cadmium, zinc, 
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aluminum, “arsenic, and others~are involved." inhese-may 
accumulate in the tissues of fish, waterfowl, and water- 
frequenting mammals, reducing population levels. Contamina- 
tion levels in fish may also render them dangerous €0 eat, 
Heavy metals concentrations in waters used as drinking water 


sources can also pose human health problems. 


The LRTAP issue is not restricted to acid rain that is 
related to the gaseous emissions ot thermal electric piants. 
the smelting industry and transportation systems. A variety 
of other dangerous substances reach our watercourses through 
airborne pathways. It has been estimated, for example, that 
one tonne of polychlorinated biphenols (PCB's) annually 
enter Lake Ontario from airborne sources. The pesticide 
toxaphene has been found in trace amounts in Lake Superior, 


many hundreds of miles from where it is used. 
Obyective 


The objective of the LRTAP program as defined by Environment 
Canada, is to reduce acidic deposition to a level that will 
protect the health and well-being of man, the health and 
diversity of species and ecosystems and the sustained use 

of natural resources for social and economic benefit. The 
objectives of the aquatic component are to relate airborne 
emissions to water quality and to determine the effects on 
aquatic life, water-frequenting birds and animals and human 
He ake hs 


More specifically, sub-objectives directly related to water 

management and to support the negotiation of control measures 

with the United’ States are: 

(a) to monitor spatial and temporal trends in water chemistry 
in relation to atmospheric loading (DOE - IWD); 
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(b) to quantify pathways and define cause-effect relation- 
ships (DOE = IWD); 


(e1"t6 Sssess effects of acidificationjon® thezhabitateand 
food of selected wildlife species (DOE - CWS);: 


(d) to assess the effects of acidification on changes in 
concentration of some toxic substances in the environ- 
ment and their effects on wildlife (DOE - CWS); 


(e) to develop scientific documentation on the effects of 


acid rain on fisheries (DFO); 


(f) to assess the economic and social costs associated with 


the deterioration of the fishery resource (DFO); 


(g) to preserve genetically valuable fish stocks over the 
interim period while awaiting effective emission control 


measures (DFO); 


(h) to assess the risks to health posed by airborne pollutants 


and monitor the influence of abatement programs (NHW); 


(i) to negotiate federal-provincial agreements to reduce 


domestic emissions (DOE); and, 


(j) to negotiate Canada-U.S. agreements to reduce emissions 
(DOE, EA). 


14.35 Strategies 


Since more than half the acidic pollutants falling in Canada 
have been traced to U.S. sources, solution to the problem 
involves two major thrusts -- reducing Canadian emissions 
and convincing the Americans to take similar action. The 


domestic control action is required both in its own right 
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and as a firm demonstration to the U.S. that Canada is 


serious about the issue and intends to see it solved. 


The present U.S. Government has been reluctant to initiate 
expensive emission control programs. The excuse has been 
that insufficient evidence has been amassed to demonstrate 
clear cause and effect relationships between sulphur dioxide 
emissions and environmental damages. The Canadian strategy 
must, therefore, include continuance of sophisticated 
monitoring and research programs to add to the evidence 


already accumulated, including attention to oxides of nitrogen. 


Domestic concerns about acid rain were first focussed by 
federal-provincial discussions convened under the Canadian 
Council of Resource and Environment Ministers. Through 
that forum, a coordinating network was formed to exchange 
information, coordinate research programs, work towards 
agreements to reduce domestic emissions and support efforts 


to encourage the United States to take similar measures. 


As shown in Table 14.1, the arrangements include a Federal- 
Provincial LRTAP Steering Committee, an Acid Rain Research 

and Monitoring Coordinating Committee and separate working 
committees for eastern and western provinces. A common federal 
link among all research and monitoring efforts is Environment 
Canada's assistant deputy minister, Atmospheric Environment 
Service, who co-chairs the Research and Monitoring Committse 


and chairs the eastern and western working groups. 


In early February 1985, agreement was reached by ministers 
to reduce LRTAP emissions to target levels within an agreed 
time frame. The agreement includes the federal government 
and all provinces east of Saskatchewan, and provides for 
reductions of 50 percent of 1980 sulphur dioxide emission 


levels from power plants and smelters by 1994. 
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At the federal level, responsibilities for developing 

LRTAP control strategies rests with Environment Canada's 
Environmental Protection Service, while the Atmospheric 
Environment Service is responsible for coordinating federal 
research and monitoring programs. An Interdepartmental 
LRTAP Committee (ILC), chaired by the assistant deputy 
minister, Atmospheric Environment Service while focussing 


on research and monitoring, is responsible for: 


(a) reviewing program plans of participating departments to 


ensure effective coordination of efforts; 


(b) reviewing results of scientific and technical programs 
to ensure continuing coordination and to assess impli- 


cations for control strategies; 


(c) receiving reports on progress in federal-provincial and 
international negotiations and revising scientific 
programs as needed to meet requirements of "eorntrol 


Strategies: 


(d) reviewing and ensuring coordination of interdepartmental 


public information programs on LRTAP; and, 
(e) advising ministers on the above matters as required. 


A small LRTAP Liaison Office, reporting to the chairman of 
ene IG; -has*been “set. up to: 


(a) provide information and advice to elected officials and 
senior management on scientific matters and policies 
arising therefrom relating to Canada-U.S. and federal- 
provincial negotiations convering transboundary air 


pollution; 


(b) evaluate, coordinate and monitor federal programs; and, 
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(c) maintain liaison with U.S. and provincial counterparts. 


Departments represented on the ILC are Environment, Fisheries 
and Oceans; National Health and Welfare; Agriculture; 
Forestry; Energy, Mines and Resources; and External Atfairs, 
Environment's representation includes three sectors of the 
Department: Atmospheric Environment Service, Environmental 
Protection Service, and the Environmental Conservation 
Service. The latter contains the Inland Waters Directorate 
and Canadian Wildlife Service whose research and monitoring 
programs contribute to the aquatic component oL tie ecid 


rain program. 


The major aquatic programs of the federal agencies include 


the following monitoring and research categories: 


DOE - IWD monitoring of water quality trenas in acidifica- 
tion and metals concentrations including seasonal 
impacts of spring snow melt, surveys of water 


chemistry and phytoplankton 


watershed studies of susceptible lakes to examine 
historical trends through sediment core analysis; 
current trends in water chemistry and biology in 
relation to atmospheric deposition on calibrated 


watersheds 


modelling to relate atmospheric deposition to 
aquatic acidification and to attempt prediction of 


future effects 


paleoecological studies to determine historic 
changes in the acidity of selected lakes 


geochemical studies of the behaviour of specific 
metals in lakes, peatland drainages, etc. 


Lae = 


DOE - CWS biological studies to relate the acidification 
and heavy metal mobilization on waterfowl and 


water-frequenting animals 


DFO - surveys of chemistry and biology in lakes and 
streams sensitive to acid rain with emphasis on 


Salmon rivers and trout bearing lakes 


watershed studies to determine mechanisms and 
trends of acidification and the related effects 


on fish and food chain components 


biological studies to determine toxic effects 
of specific levels of acidification and metals 


concentrations on fish species 


remedial studies to develop and test liming 
techniques to counter acidification and preserve 
genetic stocks pending controlled reduction of 


acid rain levels 


NHW - assessment of the implications of acidification 
and metals mobilization on drinking water sources; 


assessment of acidic waters on eyes of swimmers. 


In 1985-84, total federal resources expended on the LRTAP 
Program amounted to some $15,735,000 and 214 person-years. 
The aquatic component accounted for about 433 of the total. 
The remainder was made up largely of atmospheric emissions 
monitoring, inventory, control measure development, and air 
quality health implication studies. 


Estimates of the financial and manpower resources to the 
aquatic component of the LRTAP program are outlined in 
Table 14:2. 
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Table cha 


FEDERAL LRTAP RESOURCES 


Aquatic Component 


80-81 Bi 8.2 82-83 83-84 84-85 
$000 Pat $000 ad $000 \ sole $000 PRY $000 es | 


AGENCY 


DOE-IWD 255 Bt SAO: % lah. 9 Tl Cat Roe TIS? FP ZS 1,192 . 20.8 
DOE-CWS 680 10.2 BOS i Lie 66.2 ~ ED. 680 Dep 823 e533 
DFO ASG atts 20 4,400 48.4 B55 Os% on A FATS ANS 4,000 54.0 


NHW* ae 4 ees 38 Orne 44 0:5 hal 420 raat | Ure 
et a er eee 


———— 


* Drinking water component only; aquatic total may be higher. 


14.4 Comment 


A review of the federal LRTAP research programs was completed 
early in 1984 by the Royal Society of Canada. General 
satisfaction was expressed for the aquatic program. Some 
projects involving experimental acidification of lakes to 
determine ecological effects were considered to be world 


leaders. 


On the other hand, the Society made a number of observations 


that were critical: 


(a) the program objectives were considered too general to 


guide the definition of research programs, 


(b) some departments had developed strong well-managed 


programs while others had not; 


(c) fiscal funding uncertainties created difficulties for 


planning, execution and continuity of research; 


= oo a= 


(d) the aquatic component was inadequately coordinated with 


the atmospheric component; 


(e) review, assessment and synthesis of project results 


required strengthening; and, 


(f) the socio-economic studies were weak. 


Each of these criticisms may be traced ‘to ‘the Royal Society's 
most Significant observation. No single agency or individual 
has been given the authority necessary to make the program 
operate effectively. The Society recommended that: 


"Overall control over the LRTAP program 
be sharply increased with authority for 
funding concentrated in some lead agency. "1 


The multi-faceted nature of the LRTAP problem Signals the 
obsolescence of the traditional natural resource management 
categories of water, air, forest and agriculture when 
quality is at issue. It explains the adoption of new 
interdepartmental approaches based on issues rather than 

on the management of individual resources. The Interdepart- 
mental Committee on LRTAP, however, is a typical example of 
the federal government's well-intentioned but less than 
perfect approach to coordinating its internal affairs. 

Its tasks are to review programs, effect coordination and 
advise ministers: but it has no. teeth. Its tools. or those 
of Environment Canada that chairs it, are limited 


to good will and persuasion. 


Royal Society of Canada, 1984. Long-Range Transport of 
Airborne Pollutants in North America: A Peer Review of 
Canadian Federal Research. (pei2) 
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In the end, each minister is sovereign when selecting among 
priorities within his mandate and when seeking supplementary 
resources to participate in new initiatives like the LRTAP 
program. The final results are often something less than 
ideal, as the Royal Society's observations attest. Awe TL 


balanced LRTAP program has yet to emerge. 


During the course of the current review, the same basic 
problem identified by the Royal Society became apparent. 
Concerns were expressed over the relative distribution of 
supplementary resources available to the research programs 
of the various agencies. While some excellent cooperation 
exists, there remains a need for a more comprehensive and 


integrated federal program. 


In some cases, there has been uncertainty of continuing 
funding from year to year. In one situation, Fisheries and 
Oceans did not obtain required resources until well into 


the fiscal year in which they were required. 


It is time to break away from tradition and adopt a more 
business-like approach. Responsibility centres must be 
given the authority to achieve what is expected of them. 
Once the Government has identified a new priority issue 

with interdepartmental dimensions that is amenable to 
reasonably short-term solution, overall responsibility for 
it should be assigned to one minister whose authority 

should extend to comprehensive problem definition, program 
development and the control of supplementary resources that 
may be required by various departments to contribute to the 
program. Assignment of authority in this fashion would, of 
course, extend down to interdepartmental committees advising 
the responsible minister. While a committee's success would 
remain largely dependent on good will and persuasion, a 
chairman's control over supplementary resources would go a 


long way in ensuring the desired degree of cooperation. 
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The lead department would, in effect, be able to purchase 
the required extra services from other departments that 


could not supply them through their regular budgets. 


While acid rain may affect health and the management of 

many resources, Environment Canada remains the most approp- 
riate centre for federal responsibility. The Department is 
responsible for developing the federal government's pollution 
control atrategies and carries the federal government's 
responsibilities for atmospheric, water and wildlife 


management ° 


IT IS RECOMMENDED that Environment Canada's 
lead role respecting LRTAP be redefined to 
encompass authority for: 


(a) developing comprehensive research and 
technical plans that integrate the programs 
and resources of all departments, 


(b) seeking supplementary funding and staff 
that may be required to implement the identi- 
fied program needs, and 


(c) allocating supplementary funding and 
staff that may be made available to implement 
approved programs. 


The Minister of Environment would be identified as the 
Minister responsible for dealing with the LRTAP problen, 
and the Interdepartmental Committee on LRTAP would report 


tO. jalia, aqgvise, that dinister. 
To assist the Chairman of the Interdepartmental Committee: 


IT IS RECOMMENDED that the Interdepartmental 
Liaison Office on LRTAP be redesignated as 
the <ERTAP (Secretariatyor Office, reporting - 
to the Chairman and drawing its coordinating 
authority from his’ 
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15. CONCLUDING COMMENT 


Briefs submitted to the Inquiry on Federal Water Policy 
identified both current critical problems and anticipated 
ominous issues. The first group are primarily related to 
water quality, led by toxic chemicals and acid rain. The 
second group centre on anticipated water shortages from 
the combined effects of increasing consumptive uses and 
climatic change. It raises questions concerning conserva~ 
tion practices, ‘the propriety of supporting new irrigation 
schemes in the west, the need for understanding with the 
HIst Fro "init and share consumptive uses of the Great Lakes, 
and the specter of massive diversions of water from one 


basin to another 


The topic selection and recommendations in this review 

have been designed to address these two categories of need, 
the preparations necessary to deal with anticipated problems 
and the resolution of existing priority issues. ahusschne 
focus on maintaining and strengthening, planning and anter=- 
governmental arrangements on the one hand and taking action 
on toxic substances, acid rain and the Great Lakes program 


on the other. 


Unfortunately, it has not been possible to tally up the 
totals of federal funds and personnel dedicated to water 
management. Fisheries and Oceans could not differentiate 
resources assigned to fish habitat management from those 
dedicated to fish. The Environmental Protection Service 
of Environment Canada find it difficult to sub-divide 
resources applied to a particular issue, such as toxic 
chemicals control, into water, air or land management 
activities. Such statistics that are available-are given 


in Appendices I-IV. 


Environment Canada is the federal government's principal 
water manager. In 1984-85, the Inland Waters Directorate 
budgeted for about $112 million With $1,056.person-years 
of employment. If one may assume that about three-quarters 
of the Environmental Protection Service's effort goes 
toward water quality, then its 1984-85 figure would be 
$56 million and 575 person-years. The Canadian Wildlife 
Service's important contributions to the toxic substances 
and acid rain programs were expected to amount to some 

$1.5 million and 20 person-years. In total then, 
Environment Canada devoted in the order of $L7 0, milivon 


and 1,650 person-years to water management in Canada. 


National Health and Welfare dedicated approximately $4.5 
million and 71 person-years to programs related directly 


to water quality. 


Agriculture Canada budgeted € 29S: avishile. orm arid: A Person 


years to water research for agriculture). 


The total expenditures of these management oriented agencies 


for 1984-85 was about $177 million and 1,770 person-years. 


These figures do not include resources budgeted for by 
developer/user agencies such as Regional Industrial Expansion 
or PFRA. PFRA, for example, has 1984-85 estimates for water 
development operations of some $42 million and 660 person- 
years. A portion of the $42 million was provided under 


economic regional development agreements. 


In an unclear jurisdictional situation, Environment Canada 
has found a reasonable way to work in cooperation with the 
provinces to the advantage of both. This is demonstrated 


through agreements for water quantity and quality networks. 
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the flood damage reduction program, the Great Lakes Water 
Quality program, and to a lesser degree, through the accords 


on environmental protection. 


Considerably more attention must be dedicated to current 

water quality issues. In particular, it is essential that 

the Environmental Contaminants Act be amended to provide 

for an efficient registration system of potentially toxic 
substances, so that their use may be controlled or prevented. 
The International Joint Commission was blunt in its recommenda- 
tion to Canada and the U.S. in 1980 that: ''... the production, 
sale, transport or use of persistent synthetic organic 
compounds with known highly toxic effects whose use will 

result in their entry into the environment be prohibited”. 


Canada is not acting quickly enough. 


In light of the restricted resources available to Sota rie 
federal and provincial governments, every opportunity should 
be explored for closer federal-provincial collaboration on 
problems of mutual concern. Cost-sharing and work-sharing 
agreements on specific water quality issues might be 
modelled after the water monitoring agreements already in 


place. 


Fisheries and Oceans might consider the same approach to 
extricate itself from the dilemna of how to implement its 
fish habitat policy, particularly in those provinces that 


administer the Fisheries Act. 


Within the federal government, Environment Canada must 
clarify for itself, and other departments, first what its 
role should be. If it is to be what it should be, the 
quasi-water manager, then its role is to establish, carry 
out and coordinate the policies and programs of other 


federal agencies related to water research, planning, 


monitoring, allocation and regulation. It should not 
become involved as a water resource developer as this would 
placerat! ima serious conflict of interest situation oF 


judging on its own water use proposals. 


The relationship of Environment Canada to those federal 
agencies that are the proponents of water development needs 
particular clarification. If a development agency desires a 
regional assessment of the development potential of water 

for example, it should turn to Environment Canada to develop 
the appropriate arrangements with the provinces involved. 
With respect to individual development proposals, however, 
the situation is more complex. In its quasi-water allocation 
role, Environment Canada can do two things. First, it ean 
ensure that the socio-economic assessments of development 
proposals are performed to meet a set of formally established 
criteria. Second, it can advise on the relative merits or 
implications of a proposal, that is to say, for example, it 
could advise that an irrigation scheme in Alberta might be 
less productive than allowing the water to run through a 
hydroelectric plant downstream. The decision, however, 

would and should remain with the province in cooperation 


with the federal development agency involved. 


From time to time, as new priority issues evolve, govern- 
ment] Frincreit USeLule?o re-organize their bureaucracies. 
The position put forward here is that whatever organization 
is contemplated, it is important to maintain a separation 
between the water management agemcy and the proponents of 


development. 


Water prevades the interests of so many agencies that perhaps 
the real challenge is to find and adopt a more businesslike 
approach to government -- one that includes greater delega- 


tion of authority and responsibility to individual ministers. 


muhig 1S Gr ie 


Once a priority issue amenable to short-run solution 

has been identified, it should be assigned to a minister 
along with enough interdepartmental clout to effect a 
solution. The clout should include whatever supplementary 


resources are to be assigned to the problem. 
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APPENDIX I 


INLAND WATERS DIRECTORATE 


RESOURCES BY PROGRAM 


82-83 83-84 84-85 

$000 P/Y $000 P/Y $000 P/Y 
1,1 10913.7 160.8 18102.7 143.0 32065.0 150.2 
l.2 12005.0 37.0 5451.7 38.8 32/0, 1 38.6 
l3 752230 62.8 9666.8 86.2 10718.0 106.4 
1.4 29700.6 359.9 34047.8 343.2 36418.7 359.2 
1,5 12447.0 193.2 12161.9 123 3 12953 .7 we | 
1.6 44132.3 126.5 29143.4 126.4 8256.3 107.4 
4.1 4021.9 67.1 4201.0 65.9 4886.7 68.1 
4.2 4473.2 29.6 2912.1 28.6 Pads dk eoee 
4.3 786.0 i3s.2 1139.0 14.6 Lisdsed, 13.8 
TOTALS 126001.7 1050.0 116826.4 1030.0 112014. 3 1056.0 
1.1 Canada-U.S. and Interjurisdictional 
1.2 Flood Damage Reduction 
1.3 Water Quality Data 
1.4 Water Quantity Data 
1.5 Research 
1.6 Management and Administration 
4.1 Toxic Chemicals 
4.2 Long Range Transport and Air Pollutants 
4.3 Environmental Assessment 


APPENDIX 1 


INLAND WATERS DIRECTORATE 
ENVIRONMENT CANADA 


RESOURCES BY PROGRAM 


Headquarters (Hull) 


CODE 82-83 83-84 

, 000. P/Y. , 000. P/Y 
1.1 2709.2 45.6 13565.8 Sle? 
1.2 338.4 11.9 549.0 ee, 
1.3 712.3 13.2 2760.2 35.6 
1.4 1985.5 220 2224.8 Vere 
bys) 432.1 3.0 489.6 3.0 
1.6 37439. 7* 39.0 22436. 5* 38.0 
4.1 22.0 0.5 207.3 5.4 
4.2 aC Fes) 1.0 114.0 Lee 
4.3 44.5 0.6 6.0 0.4 
TOTALS 43737.2 147.5 42353.2 17301 


*contains Great Lakes sewage treatment grants. 


Research Institutes 


Ika ah 15930 19.0 843.0 19.0 
hee -- -- -- -— 

les PAIS (0, B(@ 316.0 6.0 
1.4 25.0 (0 146.0 B10 
Has) 10786.0 P/O 10447.0 162.0 
LAS 4202.0 SL ate, 4098.0 52.0 
Areal: 2219.0 46.0 2500.0 48.7 
abn 2 991.0 18.3 O10) 18.0 
4.3 48.0 0) 100.0 23 
TOTALS 19405.0 S450 19367.0 Shlikd@) 

Atlantic Region 

al Solr MLO AL 585.6 Sats 
eZ PIS 5) On> 250.9 eS 
1S 508.0 IIB Sy ovale al 11.4 
1.4 1545.9 SIL Ale 1609.3 30.8 
1.5 iss DoF 8.6 On2 
ihe: 309.3 8.0 283.2 Ce) 
4.1 220.9 Bid: U5e. 7 Sty, 
Acz Liss: 4.5 193.0 4.5 
aS Dies 0.7 68.5 1.6 
TOTALS 3440.6 79.0 3700.9 Hsesb 


$, 000. 


26663.6 
500.0 
3967.4 
S2/1.9 
871.7 
1682.0 
207.3 
123.6 
24.7 


SisLLe6 


1050.0 


324.0 
154.0 
10584.0 
4056.0 
2797.0 
694.0 
107.0 


19766.0 


84-85 


P/Y 


Ww 
© 
~ 


WwW 
OU NOF O OW 


ss 
wo 


WOoWWOOO 


NMIONWAANWMO 


© 


Oo 


CODE 
, 000. 


536.0 
5640.0 
4396.0 

10761.0 

933.0 
1125.0 
3169.0 

307.0 


AN 
WNFAUARWNHH 


26947.0 


g 
b 


3253 3D 
872.9 


2319.4 
336.8 
172.9 

42.4 
i pir op 


AN NS Se ee 
WNKRFOAUAWNHEH 


TOTALS 715550 


110.5 


, 000. Py y 


443.0 1 
3776.0 2 
4427.0 8. 

13043.0 2. 
770.0 2.0 
839.0 Lee 

1665.0 ae 
609.0 1.6 


25572.0 26.0 


Ontario Region 


1101. 8* 21. 4* 


Fai 35 4.8 


2421.9 47.1 


482.2 7.6 
140.2 2.9 
a2ek 0.7 
154.7 3.0 
4515.5 87.65 


, 000. 


866.0 
1071.0 
4485.0 

13383.0 
1020.0 
1129.0 


1230.0 
577.0 


23761.0 


£22565 
226.9 


2718.7 
236.8 
216.8 

22.9 
176.6 


4824.2 


*Decrease due to centralization of water quality laboratory services to HQ. 


West and North Region 


PS 1880.5 
1.2 870.6 
ea 907.6 
1.4 8613.4 
1.5 446.5 
1.6 506.9 
4.1 a5vea 
4.2 - 

4.3 fo Ee) 
TOTALS 13518.5 
1.1 1404.0 
1.2 4026.6 
1.3 723.1 
1.4 4350.4 
1.5 779.1 
1.6 314.6 
4.1 64.6 
4.2 — 

4.3 6.6 
TOTALS 11669.0 


NO 


hk 
ore 
wONNrAUW 
OP BOMOWND 


bo 


wo lo 
hp 


238.1 


1130.4 Zoek 
347.0 6.6 
1008. 0 14.1 
9675.9 154.6 
509.1 7.0 
521.4 10.5 
88.5 1.0 
158.1 3.0 


13438.4 222.0 


Pacific and Yukon Regions 


433.1 10.8 
337.2 29 
612.5 10.6 
4924.9 77.0 
707.6 Aiea 
aese 9.0 
158.3 3.0 
105.3 2.7 


1192.5 
326.3 
758.5 

9792.7 
468. 3 
be Mote a 
107.5 


153% 2 


13324. 2 


556.5 
354.6 
710.3 
5225.1 
720.7 
441.0 
175.1 


109.5 


8292.8 


223.0 


133.5 
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APPENDIX III 


HEALTH PROTECTION BRANCH 
NATIONAL HEALTH AND WELFARE 


RESOURCES BY PROGRAM 


82-83 
000 P/Y 
Drinking Water 125.0 8.7 


Acid Rain (Drinking 
water component ) 44.0 0.5 


Environmental 

Contaminants LWSO—C Silas: 
Great Lakes 200.0 N.A. 
Pesticides* 674.0 Lie 


*Relates to health and all resources. 


000 


1007.0 


510 


2547.0 


200.0 


990.0 


83-84 


Py Y. 


11.6 


2.0 


8159 


N.A. 


17.0 


84-85 
O0Q°  P/Y 
452.0 <1JUs2 
27.0 0.5 
2562.0 31.6 
200.0 N.A. 
1132.0 28.8 


APPENDIX IV* 


FISHERIES AND OCEANS 
EXPENDITURES BY REGION 


FISHERIES MANAGEMENT Category a) 
($000's) 

REGION . 80/81 81/82 82/83 83/84 84/85 

1,855 2,204 2,744 2,619 2,942 
Newfoundland 30 49 65 62 66 
Scotia/Fundy 3,703 5,095 4,501 4,368 4,217 
Gul f - Region nonexistent - 2,264 2,770 2,072 
Ontario 1,954 2,224 2,973 2,965 2,768 
Western 6,079 6,691 6,412 6,950 8.381 
Pacific 3,048 4,002 4,616 5,657 6,210 
Headauarters 226 295 394 482 499 
GRAND TOTAL 16,895 20,560 23,969 25873 27,675 


a) Expenditures in the freshwater and anadromous areas of the Fisheries Research 
Branches in all Fisheries Management regions (also includes aquaculture, stock 
and habitat enhancement and rehabilitation). 


*All figures provided by Fisheries and Oceans -- no catagorization possible into 
"water" and "fish". . 


APPENDIX IV 


FISHERIES MANAGEMENT Category b) 
($000's) 

REGION 80/81 81/82 82/83 83/84 84/85 

84 116 97 147 160 
Newfoundland 1S 23 24 ce 19 
Scotia/Fundy 435 451 189 179 166 
Gulf - Region nonexistent - 1,126 Lent Lyoao 
Ontario 1,949 1,942 2,219 2,975 2 yrGs 
Western 6,363 6,681 11,159 11,430 S591 
Pacific 46 ,543 51,684 50,194 53,470 52,007 
Headquarters 
Grau ToTA. | 95,389 | 60,897 | 65,008 | 69,124 | 68.039 


b) Expenditures in the freshwater and anadromous areas of the Fisheries 
Operations Branches in all Fisheries Management regions (also includes 
aquaculture, stock and habitat enhancement and rehabilitation). 


APPENDIX IV 


FISHERIES MANAGEMENT Category e) 
($000's) 

REGION 80/81 81/82 82/83 83/84 84/85 
Newfoundland 

Scotia/Fundy = 2 16 ZT 5 
Gulf - Region nonexistent - 

- Quebec 

Ontario 3,329 4,733 £76, 607 20,083 
Western 700 O71 807 Vip as 
Pacific 16 101 461 63 
Headquarters 

GRAND TOTAL 4,447 D4 Ore. 18,902 20,866 


e) Expenditures on the construction and maintenance of harbours in freshwater 
made by Small Craft Harbours. 
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FISHERIES MANAGEMENT Category f) 
($000's) 

REGION 80/81 81/82 82/83 83/84 84/85 
Newfoundland 

Scotia/Fundy 

Gulf - Region nonexistent - 
- Quebec 

Ontario 

Western = = = om ; 420 
Paciiic 11,446 12,326 1S, 321 23,619 20,427 
Headquarters 

GRAND TOTAL 11,446 124326 Lg 32 23), 619 20,847 


f) Other - expenditures in the freshwater and anadromous areas in Support 
Services Branches including ships. 


APPENDIX IV 


OCEAN SCIENCE & SURVEYS 


($000's) 

7 Category c) Category d) 
REGION 80/81 | 81/82 | 82/83 | 83/84 | 84/85 80/81 | 81/82 | 82/83 | 83/84 84/85 
ATLANTIC 312 S12 442 526 526 
QUEBEC = 54 46 53 56 
CENTRAL 
HQ 
PACIFIC 
GRAND TOTAL}8,260 |7,699 |8,387 {7,993 {8,384 S12 366 488 579 582 

Category f) 

ATLANTIC 
QUEBEC 
CENTRAL 
HQ 
PACIFIC 


c) Expenditures related to freshwater charting made by Oceans Science and Surveys. 


d) Expenditures related to freshwater regulation and chemical hazards (also includes acid 
rain and toxic chemicals) made by Ocean Science and Surveys. 


f) Other - expenditures in the freshwater and anadromous areas in Support Services Branches 
including ships. 
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STUDY TERMS OF REFERENCE 


Ojectives: 


The objectives of this project are to describe the administration 
of water resources by the federal government; and to evaluate the 
effectiveness of federal water administration in relation to 
jurisdiction, to various policies and programs, and to their 
coordination. 


Tasks* 


An 


In consultation with federal officials, determine the mandate 
of each agency against its legislative base, and the degree to 
which it shares its responsibilities with other federal 
agencies and with other jurisdictions. 


For each agency, review and assess the adequacy/appropriate- 
ness of its (a) legislation, (b) policies, (c) programs, and 
(d) financial and human resources, in relation both to agency 
mandate and to current/emerging issues of water management. 
(To what degree have these factors changed in the last 5 
years? What further changes are planned?) 


Analyze the formal and informal mechanisms which have evolved 
to effect coordination of federal water programs, and to 
enhance cooperation with provinces. 


Recommend appropriate measures for improving the effectiveness 
of federal water administration,.including but not limited to 
legislative, program and organizational change. 
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Bruce Mitchell and Edward McBean 


Bruce Mitchell is Professor of Geography and Edward McBean is Professor 
of Civil Engineering at the University of Waterloo, Ontario 


April 1985 


This research paper was cosponsored by the Science Council of Canada. The 
Science Council is considering publication of the paper at a later date. 


THE INQUIRY ON FEDERAL WATER POLICY 


The Inquiry on Federal Water Policy was appointed by the 
federal Minister of the Environment in January of 1984 under the 
authority of the Canada Water Act. The members were Peter H. 
Pearse, chairman; Frangoise Bertrand, member; and James W. 
MacLaren, member. The Inquiry was required by its terms of 
reference to review matters of water policy and management within 
federal jurisdiction and to make recommendations. 


This document is one of a series of research papers 
commissioned by the Inquiry to advance its investigation. The 
views and conclusions expressed in the research papers are those 
of the authors. Copies of research papers and information on the 
series may be obtained by writing to the Enquiry Centre, 
Environment Canada, Ottawa, Ontario K1A OH3. 
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Frank Quinn 
Director of Research 
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Abstract 


This report focuses on three objectives: to provide an inventory of water 
research activities in Canada, to identify future research needs and priori- 
ties and to evaluate federal research programs regarding their capacity to 
respond to changing priorities for water resources research, coordination, and 
management in Canada. In addressing these objectives, the reported findings 
include evidence of approximately $55.8 million being spent on water resources 
research in Canada in 1983, with the federal government being the dominant 
participant, providing 73 percent of the funds and expending 51 percent of the 
funds. This funding level represents an effective 25 percent decrease since 
1979. 


Extensive discussion is presented on the current structure and organization of 
water resources research efforts in Canada, problems identified during the 
information collection effort and recommendations made on possible approaches 
to improve the situation. 


Résumé 


Ce rapport poursuit trois objectifs: fourir un inventaire des activités de 
recherche dans le domaine hydrique au Canada, identifier les besoins et prio- 
rités futurs et évaluer les programmes de recherche fédéraux en fonction de 
leur habilité aA répondre aux priorités changeantes dans le domaine de la 
recherche, de la coordination et de gestion des ressources en eau au Canada. 


Les résultats rapportés indiquent qu'environ $55.8 millions ont été consacrés 
a la recherche reliée a la ressource eau en 1983. Le gouvernement fédéral a 
été le principal bailleur de fonds fournissant 73 pourcent de ceux-ci et en 
dépensant lui-méme 51 pourcent. Ce niveau de financement représente une dimi- 
nution réelle de 25 pourcent par rapport a 1979. 


Une discussion détaillée de la structure et de l'organisation actuelles de la 
recherche reliée a la ressource eau au Canada, des problémes qui ont été iden- 
tifiés durant la période de collecte d'information et des recommandations qui 
sont faites sur les stratégies possibles afin d'améliorer la situation est 
présentée. 


Water resources 4s a combination 0f knowledge, 
understanding and guesswork. Research enlarges 
the 4rrst two. 


It only takes one pellet to hit a duck but a 
shotgun 48 stilk used. The roke of the research 
manager 48 to ensure the gun 44 pointed in the 
right direction. 


Research 48 Like the sparkplug in an engine. It 
4sn't the sparkplug alone that ensures forward 
motion but uithout the sparkplug it is unlikely 
there wilh be motion in any direction. 
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EXECUTIVE SUMMARY 


This report has three objectives. The first is to provide an 
inventory of water research activities in Canada. Attention focuses 
upon current arrangements to facilitate water research and upon _ the 
levels and nature of research activity. The second is to identify 
future research needs and priorities. The third is to evaluate federal 
research programs regarding their capacity to respond to changing 
priorities for water resources research, coordination, and management in 
Canada. 


About one-quarter of the 301 briefs submitted to the Inquiry on 
Federal Water Policy explicitly addressed the matter of water resources 


research. Strong support was expressed from organizations and 
individuals from across the country for an active and vigorous role in 
water resources research by the federal government. It repeatedly has 


been argued that the federal government has roles both as a ‘doer’ and 
as 'facilitator' in research, and that ongoing and newly emerging 
problems require a continued and increased level of research effort. 


The federal government has recognized that it does have a role in 
water resources research. In a 1978 policy statement, the government 
noted that it had a general mandate for research and identified the 
activities which it would pursue. In addition, two reviews of water 
resources research have been conducted. In 1966, the Science Council of 
Canada organized a detailed review. In 1979, Environment Canada held a 
second review. This report is based on a third review focused upon 
1983. This third review is co-sponsored by the Science Council of 
Canada and the Inquiry on Federal Water Policy. 


With regard to current arrangements for water resources’ research, 
the outstanding feature is the large number of participants distributed 
among the federal and provincial governments, the universities and the 
private sector. However, the federal government is the dominant 
participant, and in 1983 it provided 73 percent of the funds and spent 
51 percent of the funds for water resources research. 


The Inland Waters Directorate of Environment Canada is the lead 


federal agency. In the 1984-1985 estimates, the Inland Waters 
Directorate allocated $22 million or 2-1/2% of the operational budget of 
Environment Canada to water resources research. In contrast, during 


1983 it is estimated that some $55.8 million was spent on water 
resources research in Canada. 


Despite its dominant role, the federal research effort is not a 
homogeneous and sharply coordinated set of activities. Within the 
federal government water research is also pursued by Fisheries and 
Oceans, Agriculture, Health and Welfare, Energy, Mines and Resources, 
Transport and the National Research Council. Given the large number of 
federal line agencies involved in water resources research, a _ need 
exists to achieve better coordination. Existing mechanisms for 
coordination are inadequate either because they are too narrowly focused 
(NRC Associate Committee on Hydrology), do not have enough of a research 
focus (Interdepartmental Committee on Water), or do not incorporate 
enough of the key agencies (Canada Centre for Inland Waters). 


ho 


Regarding level of effort, Canada generally has a record of 
providing only modest support for research of most kinds. For example, 
research and development expenditures in Canada have ranged from .95 to 
1.24 of GNP whereas many industrialized countries allocate from 2 to 3 
percent. Expressed in 1983 dollars, Canada spent $29.6 million in 1966, 
$75.4 million in 1979, and $55.8 million in 1983 on water resources 
research. Thus, between 1979 and 1983 there has been a decrease by 25 
percent of funds allocated to water resources research. 


The Water Resources Research Support Program through which the 
federal government provides research funds to universities illustrates 
the nature of some of the cutbacks. In 1979 the funds for that program 
were reduced from $1 million annually to $250,000 annually. With 
inflation considered, the actual purchasing power of the $250,000 has 
been steadily eroded. 


Water quality has received the largest proportion of funding over 
the years, receiving 30 percent in 1966, 40 percent in 1979, and 53 
percent in 1983. Over the same period, there has been a_ substantial 
decrease in funds allocated to research dealing with the water cycle, 
dropping from 47 percent in 1966 to 28 percent in 1983. Throughout, the 
research effort has been concentrated in central Canada with about 70 
percent of the activity located in Ontario and Quebec. 


During the public hearings held by the Inquiry on Federal Water 
Policy, a broad array of research needs was identified. These needs 
ranged from general concerns with pollution, flooding and water supply, 
to very specific concerns such as farm-related contaminants into water 
bodies, peatland water resources, river ice processes, estuary 
hydrodynamics to freshwater in the boreal plains. In ents “study,” (an 
attempt has been made to identify those needs which are of national 
significance and therefore of concern to the federal government. 


Inventory and monitoring programs exist, but there still is not an 
adequate descriptive understanding of water resources in Canada. 
Initiatives in this area to upgrade descriptive understanding must be 
pursued in consultation and cooperation with the provinces. 


Functional knowledge also is poor in many areas. Groundwater 
deserves more attention. Water diversions or transfers deserve more 
research, especially regarding their ecological, economic and _ social 
impacts. Water quality issues have been and will continue to _ be 
important. Wastewater treatment, disposal of toxic wastes and acid rain 
all require improved understanding. With over 200 communities facing 
potential flood damages, research is needed to determine adjustment 
strategies which combine structural and nonstructural responses. Water 
supply can be a constraint on regional economic development both in 
urban-centered and rural areas. Attention is needed to develop 
strategies which combine both supply and demand management’ methods. 
Finally, since so many water problems have their causes in adjacent 
resource complexes, more research should be devoted to integrating water 
problems with those associated with adjacent land and other resources. 


Research needs also can be related to thematic concerns. 
Efficiency of water use deserves more attention, especially regarding 
domestic, industrial and agricultural uses. The impacts of water- 
related development need more research, especially regarding ecological 
and social aspects not amenable to measurement in monetary terms. Since 
there usually are risk and uncertainty associated with water management 
and development decisions, improved methods are needed to identify and 
explore the trade-offs among benefits, costs and risk elements. And, 
since management decisions often must accommodate different and 
conflicting values, more research focused upon conflict resolution would 
be appropriate. 


During the Inquiry hearings, a frequent call was made for more 
social science research activity. With the cutback in the Water 
Resources Research Support Program, it has been argued that social 
scientists should seek funding through the Social Sciences and 
Humanities Research Council of Canada. However, the prospects for major 
new initiatives in the social sciences regarding water research are not 
good when the funding available from the major granting agency is 
considered. The budget change (net inflation) between 1979-80 and 1983- 
84 was 57 percent for the Natural Sciences and Engineering Research 
Council, but only 5 percent for the Social Sciences and Humanities 
Research Council. Nevertheless, if more social science research were to 
be developed, in addition to those fields already identified key areas 
would be policy and planning analysis, and institutional arrangements. 


Another type of activity needing support is research which 
integrates natural science, engineering and social science research. 
Existing funding organizations do not easily handle research proposals 
which cut across disciplinary or professional boundaries. A systematic 
review of policies and procedures used by the major funding agencies. to 
deal with interdisciplinary research is needed, as researchers have 
expressed considerable frustration and disappointment with current 
arrangements. 


Several findings and conclusions emerge regarding the capacity of 
federal research programs to respond to changing priorities, 
coordination and management. Given the number and array of research 
activity in Canada, more systematic coordination of the water research 
effort is needed. Formation of a National Water Research Committee 
would help to minimize duplication of facilities and effort across the 
country, ensure a balance between national and regional research needs, 
facilitate communication within the research community, and _ relate 
research activity to management needs. Such a Committee should have 
members from the federal and provincial governments, the universities 
and the private sector who also could represent the different regions of 
the country. The Committee would have to be allocated sufficient funds 
and authority so that it could influence research activity. 


A National Water Research Committee would provide a mechanism to 
develop a national strategy for water research. For the federal 
perspective to be incorporated into a national strategy, a Federal 
Committee for Water Resources Research should be established so that 
federal ideas and efforts in this field can be integrated. At the 


moment, such integration and coordination of federal water resources 
research does not appear to occur in any systematic and ongoing fashion. 


Centralization of research has provided scale economies as well as 
minimum critical masses of investigators, both of which are _ positive 
features. At the same time there has been a real cost when regions 
without one of the centralized research facilities have their water 
problems ignored or neglected by researchers. To receive the benefits 
of centralization and still respond to regional research needs, the use 
of smaller regional research centres linked to the centralized national 
research institutes offer potential. Atlantic Canada and British 
Columbia should be priority areas for regional research centres. 


To encourage anticipatory or 'blue sky' research, the National 
Water Research Committee, the national institutes, the regional centres 
and the Water Resources Research Support Program should allocate a 
portion of their research budgets to innovative and unrestricted study 
for which it is recognized from the outset the likelihood of immediate 
and positive results is low. However, in this way support will be 
provided for the type of research which might lead to the really major 
breakthrough. A portion of the research budgets also should be 
dedicated to supporting research which is interdisciplinary in nature 
since the traditional funding agencies have difficulty in accommodating 
such work. 


In time of restraint, with few new research scientists being hired 
and limited mobility for scientists already on staff, attention must be 
given to training and education. If the federal government is serious 
about developing expertise in water resources research in Canada, then 
sufficient resources must be allocated either to hire new staff, 
facilitate participation in professional meetings or accommodate 
sabbaticals or other forms of exchanges by federal investigators with 
their counterparts in other institutions. 
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Chapter 1 
INTRODUCTION 
1.1 THE ROLE OF THE FEDERAL GOVERNMENT IN WATER RESOURCES RESEARCH 
— a BAL ER REOUURUED REOEARCH 


vasetheTelis A very definite need for research which is of national 
significance, and as such, the federal government must play a dominant 
role” (Canadian Water Resources Association, 1984, 16). “The Federal 
government should continue and expand support for water related 
research” (Spence, 1984, 3). "“...The Federal Government could take a 
leading role in research and education relating to various alternatives 
of water charges” (American Water Works Association, Ontario Section, 
1984,9.2). “Fund more research on all aspects of water use and ecology” 
(Alberta Wilderness Association (1984, 15). These four comments present 
a message which was repeated many times in submissions to the Inquiry on 
Federal Water Policy. The Federal Government has a role in water 
resources research as both a “doer” and a “facilitator”, and there is 
need for additional support for water resources research in Canada. 


The Federal Government has explicitly recognized that it does have 
a role in water resources research. In a policy statement on inland 
waters, Environment Canada (1978a) noted that 


The federal government...has a general mandate 
for conducting research, collecting data and 
maintaining inventories relating to surface 


and subsurface water, pollutants and 
contaminants, fisheries and aquatic 
ecosystems, atmospheric water, and snow and 
ice. 


In that statement, 16 specific policies were identified. Policy number 
14 declared that: 


The federal government undertakes water 
research and technology development programs, 
provides for additonal research and 
development by contract, and supports through 
funding, research on water-related problems 
carried out by non-federal agencies. 


Within such a policy framework, Environment Canada (1978a) 
stressed several considerations. Ringst., Bresearch.. tn) othe natural 
sciences, social sciences and wastewater treatment technology was viewed 
as necessary to develop the new knowledge required to formulate and 


implement water management and pollution abatement programs. Second, 
co-operative effort within these various fields was essential to ensure 
better use of Canadian water resources. Third, governmental and non- 


governmental agencies were seen to have different, but complementary 
roles in carrying out water resources research. 


In a subsequent review of water resources research in the country, 
Environment Canada (198la,1) indicated that water resources research had 


seven basic goals. Drawn from a study by the U.S. Federal Council for 
Science and Technology (1966), these included: 


(1) understanding the nature of water, the processes which determine 
its distribution in nature, its interactions with its environment 
and the effects of man's activities on the natural processes; 


(2) developing methods for conserving and augmenting the quantity of 
water available; 


(3) perfecting techniques for controlling water so as to minimize 
erosion, flood damage and other adverse effects; 


(4) developing methods for managing and controlling pollution so as to 
protect and improve the quality of the water resource; 


(5) developing and improving procedures for evaluating water resource 
development and management so as to maximize socio-economic 
benefits; 


(6) developing techniques for efficient design, construction and 
operation of engineering works at minimum costs; and, 


(7) developing new methods for efficient collection of the field data 
necessary for the planning and design of water resource projects. 


This discussion reveals that the federal government has recognized 
and accepted a role for itself in water resources research. This role 
has received, and continues to receive, strong endorsement from 
individuals and organizations associated with the water field in Canada. 
In that context, the federal government has explicitly stated an overall 
strategy for its involvement in water resources research, and _ has 
identified a set of basic goals for such research. 


1.2 THE PURPOSE OF THIS STUDY AND ITS RELATIONSHIP TO PREVIOUS STUDIES 
Sean me a a a a 


This study is the third to examine water resources research in 
Canada. The first review was started late in 1966 when the Science 
Council of Canada created a study group to investigate the state of 
water resources research in Canada. That activity led to a substantive 
report by Bruce and Maasland (1968) regarding the situation in 1966, as 
well as to shorter reports by Chevalier (1969) and Sewell, Judy and 
Ouellet (1969). The Science Council of Canada (1968, 1) concluded that 
water resources research was “important but....that it has attracted 
neither adequate attention nor money. Government laboratories do good 
work but universities lack funds and industrial research is 
undeveloped”. 


To strengthen water resources research in Canada, the Science 
Council (1968, 29-30) offered a series of recommendations. First, more 
Support was needed for subjects which had been neglected but were 
critical for Canada. The subjects requiring emphasis included particular 
aspects of water pollution, social and legal aspects of water, 
ecological impacts from water development, engineering equipment and 
materials, and some aspects of the water cycle. Second, the Science 


Council (1968, 29) argued that 


Water resources are so important to Canada and 
research has been so neglected that the 
Council recommends an increase in expenditures 
on research and development in this field at 
an annual rate of 20 percent from $8.4 million 
in 1966 towards a target of $25 million in 
1972-73. 


Third, the Council believed that the research capacity in industry 
should be strengthened, and that this could be achieved by contracting a 
large proportion of research and data collection to private companies. 
Fourth, university participation in water research needed encouragement 
which could be realized through the federal government “assisting the 
establishment in Canadian universities of a few major research 
institutes specializing in different fields”. 


The Science Council devoted an entire section of its report to “the 
co-ordination of Canadian programs in water resources’ research”. To 
facilitate better coordination, the Council recommended that the 
existing National Advisory Committee on Water Resources Research be 
modified to ensure more equitable representation from government, 
universities and industry. Furthermore, the Council urged that the 
National Advisory Committee should be responsible for providing 
continuing advice to the Minister on the use and application of science 
to water resources management and development, and for advising on the 
distribution of research funds to assist university and industrial 
research. 


The second review was initiated by the Inland Waters Directorate of 
Environment Canada “to determine the current level and direction of 
research in water resources in Canada, and thus make it possible to 
identify the appropriate direction for future research efforts” 
(Lefeuvre, 1984, 1). This review was conducted in two phases. A 
questionnaire and personal interviews were used to document the research 
effort in 1979. Data were collected using the same research categories 
as the Bruce and Maasland (1968) report to facilitate comparisons. 
Subsequently, regional workshops were organized to obtain viewpoints 
from both water managers and research managers in various regions of the 
country. 


Lefeuvre (1984, 5) reported that a comparison of research effort in 
1966 and 1979 showed that total funding had increased to $52 million in 
1979 from $20 million (1979 dollars, or 8.4 million in 1966 dollars) in 
1966. Lefeuvre (1984,9) noted that the 250 percent increase in water 
resources research effort between 1966 and 1979 fell far short of the 
Bruce and Maasland (1968) recommendation that research support increase 
at a rate of 20 percent per year. Using the Bruce and Maasland 
recommendation, the level of support should have increased ninefold by 
1979 (Lefeuvre, 1984, 11). The 250 percent increase over 13 years was 
considered “significant” but “more indicative of the very low resource 
level in 1966 than of a sufficient resource commitment in 1979”. 


In terms of substantive emphasis, this second review found that 
funding for water quality management and protection advanced from 30 
percent of total funding in 1966 to 40 percent in 1979-1980. In 
contrast, over the same period, support for research on the water cycle 
dropped from 47 percent to 24 percent. A new focus emerged as well, 
with the expenditure for environmental management and protection growing 
to 16 percent of total funding in 1979 whereas it was not even recorded 
as a separate category in 1966. No specific recommendations were 
presented in this second review regarding needed work, level of support, 
nor management of research effort. 


This study is the third review, and is co-sponsored by the Science 
Council of Canada and the Inquiry on Federal Water Policy, each of which 
provided one-half of the funds for the study. The Science Council's 
interest in water resources research extends back at least until 1966 
when it initiated the first assessment. In its terms of reference, the 
Inquiry on Federal Water Policy was directed to address four concerns, 
one of which was to “assess the needs for and nature of additional 
scientific and research expertise in water management in Canada”. 


Given the joint interest of the Science Council and the Inquiry in 
water resources research in Canada, the following terms of reference 
were developed for this study. The objectives were: 


(1) to update the inventory of water 
research activities, using the Bruce and 
Maasland report of 1968 and Environment 
Canada paper of 1979 (Lefeuvre report, 
1984) as bases, identifying changes in 
effort among research categories and 
changes in effort and funding among 
federal, provincial, university and 
private sectors. 


C2) to identify future research needs and 
priorities, in consideration both of 
current trends and emerging water issues 
as substantiated by the Inquiry on 
Federal Water Policy. 


(3) to evaluate federal research programs in 
terms of their capacity to respond to 
changing priorities for water resources 
research, co-ordination and management 
in Canada. 
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1.3 WATER RESEARCH AND RELATED SCIENTIFIC ACTIVITY 


As in the previous two reviews, it was necessary to decide what was 
to be included in water resources research and related scientific 
activity. The Science Council of Canada (1968, 12) had used the 
following definition: “Research is work undertaken primarily for the 
advancement of scientific knowledge, with or without specific 
application in mind. Work in which the element of innovation was 
lacking, such as in the regular collection of scientific data, was not 
considered to be research”. This same definition was utilized in this 
study. 


It is noteworthy that such a definition does not include items such 
as data collection, technology transfer, and education and training. 
Those elements are frequently referred to as “grey” areas of research 
since they are fundamental elements of a robust research program. This 
is particularly true for technology transfer since without specific 
mechanisms for disseminating the research findings, the full utility of 
the research may never be realized. 


In the development of this study, the viewpoint of the Australian 
Water Resources Council (1982, 31) during a review of the water research 
in that country, was adopted. In the words of the Council, the cee 
objectives were not to define the boundaries of this research but , 
rather, to recommend how it could be more effectively carried out”. 
Thus, considerable efforts were directed toward determining possible 
approaches to the role of the federal government and how it might best 
participate in water resources research. 


As noted in Section 1.2, the terms of reference directed this 
review to update the inventory of water research activities in the Bruce 
and Maasland (1968) and Lefeuvre (1984) reports. As” a result,’''to 
facilitate comparisons of research activity and effort it was necessary 
to use the same major research categories as the earlier studies. These 
are: 


Nature of Water 

Water Cycle 

Water Supply Augmentation and Conservation 
Water Quantity Management and Control 
Water Quality Management and Protection 
Economic, Social and Economic Aspects 
Resources Data 

Engineering Works 

Environmental Management and Protection. 


OONKDUF WH 
. 


The ninth category was added in the Lefeuvre (1984, 4) report to reflect 
the emergence of environmental management and environmental impact 
assessment. Specific categories are listed in Appendix l. 


These categories were used to allow comparisons over time. At the 
Same time, it was fully appreciated that many research projects do “not 
fit neatly” into such a categorization (Lefeuvre, 1984, 2). In addition, 
a series of problems mentioned by Dorcey (1984, 7) were recognized 
from the outset. The categories for classifying research are not always 
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clearly separable. This issue is compounded in interdisciplinary and 
policy-oriented studies which consciously involve a mix of these 
categories and strive to integrate them. The ambiguities in the 
categories combined with a loose definition of research, raise 
difficulties in interpreting responses to the survey of research 
activity and effort. As a small consolation, it also was’ recognized 
that any two researchers would be unlikely to agree on definitions for 
research or appropriate categories for classifying research activity. 


1.4 DATA COLLECTION 


The study was initiated in mid June 1984, data collection 
essentially terminated by mid December 1984, and the draft of the report 
was submitted to the Science Council and the Inquiry on Federal Water 
Policy in late February 1985. 


Several methods were used in this study to assemble data. To 
update the inventory of research activity and to allow comparisons, a 
survey was utilized which used the same research categories and 
questionnaire as Bruce and Maasland (1968). The Bruce/Maas land 
questionnaire was augmented through the addition of a series of fourteen 
questions requesting subjective responses to a series of issues. The 
resulting questionnaire is contained in Appendix l. 


The questionnaires were distributed late in July 1984, and 
respondents were asked to reply by the middle of September 1984. A 
subsequent mailing of the questionnaire was carried out in early October 
to those in universities and private industry thought to be active in 
water research but who had not responded to the initial mailing. The 
potential respondents were identified through consultation with 
professionals in the federal and provincial governments, the 
universities, and the private sector. Valuable guidance was provided by 
Dr. Allan Prince, former Director General of the Inland Waters 
Directorate, who served as a consultant in this phase of the study. In 
general, a “top-down” approach to questionnaire dispersal was adopted. 
In requesting information from universities the questionnaire was sent 
to the Deans of faculties in Canada with the request that they then 
disperse copies to professors within their faculty. This approach was 
adopted as a means of assuring a greater likelihood of opportunity for 
individuals to respond. 


Table 1.1 shows the number of questionnaires distributed and the 
resulting number of responses’ received. The response rate was 
encouraging, given that the questionnaire was distributed in mid-summer, 
a necessity if the data were to be collected in the time-frame demanded 
by the work schedule of the Inquiry on Federal Water Policy. A further 
limitation was the length and complexity of the questionnaire, which 
undoubtedly discouraged some who received it. However, it was felt that 
since the respondents were all directly associated with water research, 
the interest and motivation to respond should be present. From some 
comments received, that assumption was not universally valid. 


While the questionnaire was being completed by respondents, data 
were collected on the mandates and research activities of pertinent 
federal government departments. A variety of published reports were 


Table 1.1 Questionnaire Responses 


Number of Number of 
Research Questionnaires Questionnaire 
Sector Distributed Responses 
# 
Federal 18} Syl 
Provincial gh, 20 
4 p 5. 
University 102 61 
* 
Private Industry 182 64 
Total B22 186 


many responses reflected the views and activities of a group of 
individuals. 


falthourh a number of responses were received, many consisted 

simply of statements that no research was being done. On the 
other hand, a number of companies known to have considerable 
on-going research, did not complete the questionnaire. 


# ‘ ’ : F 
response rate reflects "top down" distribution method discussed 


in Section 1.4. 
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used. In addition, Dr. Prince worked in Ottawa to assemble information 
on behalf of this study. He examined the federal estimates and other 
records, and abstracted information about level of financial support and 
person-years devoted to water research. 


A workshop was held in Kitchener, Ontario, on November 7 and 8, 
1984, to generate further ideas regarding water research. The workshop 
had several objectives: (1) identification of a national strategy for, 
and federal role in water resources research, (2) discussion of needed 
research, (3) consideration of the level of support and rationalization 
for water resources research, and (4) exploration of alternative 
approaches for the management of research efforts. 


Participants were invited so as to ensure a cross-section of 
federal, provincial, private sector and university people, as well as to 
ensure a mix of professional/disciplinary and regional perspectives. 
Nineteen people participated, coming from six provinces. Participants 
prepared papers for distribution prior to the workshop itself. The 
names and professional associations of the workshop participants are 
included as Appendix II. 


During the workshop, participants were given preliminary results of 
the questionnaire survey. In addition, members of the Inquiry on 
Federal Water Policy outlined the concerns of the Inquiry and reported 
on the public hearings which had been held to that point-in-time. The 
majority of the workshop was devoted to small group discussions in which 
different combinations of participants met to consider alternative 
approaches to the objectives identified above. During the final part of 
the second day, all of the participants met together to explore the 
various issues identified during the small group discussions. 


Other data sources also were used within the development of this 
study. The staff of the Inquiry forwarded copies of submissions from 
the public hearings which were judged to have suggestions pertinent to 
water research. Informal interviews were held in person, and by 
telephone. These interviews ranged from discussions with Dr. Lefeuvre 
concerning the second study on water research in Canada, to individuals 
in federal research institutes and provincial orgnizations, the private 
sector, and universities. Letters were sent to request information 
regarding the state of water research in selected countries. Finally, 
other studies of water research were sought and examined. The overall 
intent was to ensure that a range of cross-checking data sources was 
employed. While gaps and weaknesses still exist, it is felt that the 
above procedure was realistic and defensible in the time available for 
the study. 


1.5 REPORT ORGANIZATION 


The following chapters are organized to address the three questions 
this study was asked to consider. With regard to research effort, 
Chapter 2 describes the current arrangements for water resources 
research in Canada, identifies some of the mechanisms developed to 
facilitate coordination and communication of research activities, 
identifies a number of constraints which influence arrangements for 
research, presents information about levels of funding and nature of 
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effort in research, and finally, provides two case studies regarding the 
funding patterns for two organizations. While the second chapter 
presents basic information about research activity in Canada, the third 
chapter presents the reactions and views of the research community 
relative to some of the issues and concerns which constrain and inhibit 
research efforts. Thus, Chapters 2 and 3 should be viewed as 
complementary, both addressing different aspects of research effort. 
These two chapters provide the context for subsequent chapters dealing 
with research issues and research strategies. 


Chapter 4 provides an overview of substantive water research issues 
which are judged to be of national significance and therefore pertinent 
to the federal role in water research. Chapter 5 outlines an overall 
strategy for water resources’ research, while Chapter 6 presents 
conclusions. 


Chapter 2 
NATURE OF THE RESEARCH EFFORT 
2.1 CURRENT ARRANGEMENTS FOR WATER RESOURCES RESEARCH IN CANADA 


Water resources research is conducted in Canada within the federal 
government, the provincial governments, universities, and the private 
sector. Within the federal government, Rodgers (1984, 1) has noted that 
“water research takes place in a dozen or so agencies” and in addition 
that “the variety of agencies funding water research do not, in general, 
have common objectives notwithstanding important alliances on several 
issues. It would be misleading to consider water research of all 
agencies as a homogeneous effort”. 


Before reviewing the current arrangements for water resources 
research, it is appropriate to identify several significant developments 
Since the Bruce and Maasland report in 1968. Two major federal inland 
waters research establishments were created. The Canada Centre for 
Inland Waters, the headquarters for the National Water Research 
Institute, was established at Burlington, and the Freshwater Institute 
was established at Winnipeg. Furthermore, the National Hydrology 
Research Institute, now based in Ottawa, currently has new headquarters 
under construction in Saskatoon. In addition, the International 
Hydrological Decade (1970-1979) and the Canada/USA Great Lakes Water 
Quality Agreement (1972;1978) provided powerful stimuli for research 
activity, even if a considerable portion of it was on a one-time 
occurrence. Finally, creation of Departments of the Environment at 
federal and provincial levels consolidated much of the environmental 
activity into single organizations, and provided a base for substantial 
investments in water quality research during the 1970's and 1980's. 
Against this background, the present arrangements for research in the 
federal and provincial governments, universities and the private sector 
can be reviewed. 


2.1.1 The Federal Government 
2.1.1.1 Environment Canada 


The Inland Waters Directorate (IWD) of Environment Canada is the 
lead federal agency for water management. In the 1984/85 estimates, 
water resources’ research by IWD included $22 million and 212  person- 
years. The $22 million represents 2-1/2 percent of the _ total 
operational budget ($886,879,000) for Environment Canada in 1984/85. 


IWD is responsible for gathering and disseminating water quantity 
and quality data. The Water Resources Branch operates a comprehensive 
network of streamflow gauging stations and water level stations on 
lakes. The Water Quality Branch regularly monitors the aquatic 
environment. For example, at the Canada Centre for Inland Waters, the 
laboratories conduct an average of 1,000 tests each day for different 
aspects of water quality. The Water Planning and Management Branch is 
responsible for flood damage reduction and forecasting water demand. It 
has been conducting research on the economic impact of designating 
floodplains as well as on modelling industrial, agricultural and 
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residential water demand. 


An important focus for water resources research in IWD is. the 
Canada Centre for Inland Waters. It has been characterized as "a place, 
not an agency”, which is home to several organizations concerned with 
freshwater resources as well as serving as a base for hydrographers, 
oceanographers and land use specialists. In 1983/84, it employed about 
559 scientists and support staff, and had a budget of $ 19.2 million in 
salary, $11.2 million in operating and $2.8 million in capital 
expenditures. 


The Canada Centre for Inland Waters(CCIW) was established in 1966. 
The purpose was to consolidate in one place the water research 
activities occurring in the federal Departments of Energy, Mines and 
Resources; Fisheries and Forestry; and National Health and Welfare. The 
water components of these three departments became parts of the 
Department of the Environment formed in 1970 (Environment Canada, 1975, 
220). Thus, CCIW can be viewed as a pioneering effort to integrate, 
coordinate and rationalize water resources research effort at _ the 
federal level. 


The CCIW was established at Burlington, at the western end of Lake 
Ontario. The intent was to create a “national centre of expertise in 
water resources research, including anti-pollution studies" (Environment 
Canada, 1975, 220). The research and data collection efforts at CCIW are 
used as input for both federal and provincial programs of water 
management and development. Furthermore, technical advice is provided 
during the formulation and implementation of federal water policies and 
programs. 


The National Water Research Institute (NWRI), a part of IWD, has 
its headquarters at CCIW in Burlington but also has regional centres in 
Winnipeg and Vancouver. It employs approximately 300 people, most of 
whom are in Burlington. In contrast, the usual staff complement at the 
NWRI Branch in Winnipeg is 4 scientists and 5 technicians (Environment 
Canada, 1982, 149), and this small group, working in cooperation with 
research scientists at the Freshwater Institute in Winnipeg, is 
responsible for research pertinent to all three Prairie provinces as 
well as the Northwest Territories. The Branch based in Winnipeg is 
viewed by NWRI as fulfilling “the need for local expertise in problem 
areas specifically regional in nature” (Environment Canada, 1982, 149). 


The NWRI conducts water research with reference to chemical, 
physical, biological and environmental problems of lakes, rivers and 
reservoirs as well as urban and coastal regions. The Institute is 
generally perceived to be interested in problems of water quality, and 
this is reflected in the 5 research divisions within NWRI: (1) aquatic 
ecology, (2) aquatic physics and systems, (3) hydraulics, (4) analytical 
methods, and (5) environmental contaminants. 


As indicated, the National Water Research Institute is. primarily 
responsible for water quality research although it should be recognized 
that it has a major program in environmental hydraulics and another in 
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geophysical fluid dynamics. In contrast, the National Hydrology 
Research Institute is mainly responsible for research on water quantity 
although it also conducts work focused on groundwater quality. 
Specifically, the NWRI specializes in research related to (1) 
underground waters, (2) snow and ice, and (3) surface water (Environment 
Canada,i41983,220). 


The Inland Waters Directorate is not the only agency within 
Environment Canada conducting water-related research. 


Also based at CCIW in Burlington is the Wastewater Technology 
Centre which is responsible for conceiving, developing and providing 
new wastewater treatment technologies and sludge disposal techniques 
both for municipalities and industries. Its research is separated into 
three groups: (1) biological processes, (2) physical/chemical processes, 
and (3) residue management. The actual research and development is 
conducted within laboratories and pilot plants at CCIW and in mobile 
pilot plants which can be transported to industrial sites across’ the 
country. 


Early in 1984,the Atmospheric Environment Service received Treasury 
Board approval for phase | of the “Canadian Climate Program”. The first 
phase has two priorities: the production of monthly and _ seasonal 
climate predictions, and research on CO5-related climate change and its 
socio-economic impacts. The socio-economic research will be carried out 
through contracts, primarily with universities. The funds available for 
the socio-economic research are $135,000 in 1984-1985, $290,000 in 1984- 
1986, and $310,000 in 1986-1987 for a total of $735,000. The first 
round of contracts will focus upon two themes both of which are directly 
relevant to water management: (1) water resources of the Great Lakes - 
St. Lawrence system; and (2) food and agriculture in various regions 
across Canada. Contract money to be allocated in 1985 and 1986 will 
include research relevant to water resources elsewhere in Canada, 
forestry, the North, and energy development. In the words of the 
Director General of the Canadian Climate Program (1984), “Through CCP- 
sponsored research, we hope to draw on the full range of expertise in 
both the social and physical sciences needed for this interdisciplinary 
research, and thereby help to build crucial interdisciplinary capability 
for the conduct of climate impact studies”. 


Other Environment Canada organizations also conduct related 
research. The Canadian Wildlife Service monitors and identifies 
contaminant levels in wildlife, and thereby gauges the presence and 
buildup of toxic substances in the aquatic ecosystem. The Lands 
Directorate maps land use, monitors and assesses land-use changes, and 
studies terrestrial ecosystem processes. In that manner, its research 
activity contributes directly to water research programs dealing with 
acid rain, soil erosion, environmental impact, and land use conflicts. 


2.1.1.2 Fisheries and Oceans 


In the 1984/85 estimates, the federal Department of Fisheries and 
Oceans allocated $79,170,000 and 1,127 person-years to fisheries 
research, or about 11 percent of its total budget on fisheries 
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research. A significant proportion of that research effort is water- 
related since the quality of aquatic ecosystems is critical for survival 
and enhancement of freshwater fish as well as anadromous species such as 
salmon. 


A major concentration of research effort by Fisheries and Oceans is 
at the Freshwater Institute at Winnipeg. At the Institute, research is 
conducted on fish habitat and limnology, emphasizing processes and 
mechanisms of biological production and decomposition in lake systems 
(Ayles, 1984, 1). Research has covered such aspects as hydroelectric 
reservoirs, acidification, radionuclide and heavy metal pollution, and 
toxic chemicals. At the Canada Centre for Inland Waters in Burlington, 
Fisheries and Oceans operates the Great Lakes Biolimnology Laboratory. 
Three programs there address environmental toxicology, surveillance, and 
ecosystem studies, and collectively explore the effects of human 
activity on the well-being of the Great Lakes fishery and the overall 
freshwater ecosystem, including the impact of acid rain and other 
contaminants. 


2.1.1.3 Agriculture 


In the 1984/85 estimates, the federal Department of Agriculture 
designated a research budget of $22,637,000 for natural resources (land, 
water, energy, environmental quality). Of that total, $2,517,000 and 47 
person-years were allocated to research related to water. In its 
submission to the Inquiry, the Department of Agriculture identified four 
activity areas pertinent to water. First were surveys and monitoring, 
especially agri-food water use and forecasting. Second, was basic and 
applied research conducted within the Research Branch. The Researcna 
Branch uses a consultative system involving two committees. The 
Canadian Agricultural Research Council and the Canadian Agricultural 
Services Coordinating Committee are used to establish research 
priorities with provincial governments, universities and the private 
sector. Third, a development program is used to assemble and assess 
packages of programs which facilitate technology and product’ transfer. 
Fourth, activity is focussed upon the regulation and registration of 
pesticides. 


2.1.1.4 National Health and Welfare 


The Environmental Health Directorate of the Health Protection 
Branch, National Health and Welfare, has been in existence for 14 years. 
The purpose of the Directorate is to protect Canadians from health 
hazards associated with natural and man-made environments. The present 
staff of the Directorate is 270 and has an annual budget of 
approximately 13 million dollars. 


In its submission to the Inquiry, National Health and Welfare 
indicated that it has two distinct roles with respect to water. A 
national-scale role involves research on, and development of, guidelines 
for drinking water and recreational water quality. In these respects, 
the Department undertakes national surveys of drinking water quality 
for priority contaminants and facilitates cooperative projects among the 
provinces, such as training of waterworks operators. A “provincial” 
type of role is undertaken through the provision of environmental health 
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services in areas under federal jurisdiction such as national parks, 
reservations, defense bases, and on common transportation carriers, as 
well as for all communities north of the 60th parallel. 


From the departmental estimates, it was difficult to identify the 
allocation of funds or person-years to water-related research. It was 
indicated, however, that the research effort allocated to water problems 
is extremely modest. 


2.1.1.5 National Research Council - Associate Committee on Hydrology 
a Ree ee BV OBOLUS F 


The Associate Committee on Hydrology is one of a number of NRC 
Associate Committees which was established primarily to address problems 
of national significance which “can be solved by the application of 
scientific expertise or additional coordinated and focussed research” 
(Environment Canada, 198la, 2). Based in the National Research Council, 
the Associate Committee encompasses more than federal interests. Its 29 
members are drawn from researchers and managers from federal and 
provincial governments, universities and technical societies (Associate 
Committee on Hydrology, 1984, 1). 


The Associate Committee on Hydrology has four functions. First vit 
facilitates contact among research and operational agencies and 
individuals in Canada, working in hydrology. Second, it disseminates 
knowledge and information through organizing symposia and _ workshops, 
organizing national lecture tours, as well as publishing newsletters and 
other reports. Third, it formulates research priorities for hydrology. 
Beginning in 1976, and every three years after, the Associate Committee 
has defined aspects of hydrology deserving greater research and 
experimental development. Fourth, it promotes international hydrologic 
development by serving as the Canadian National Committee for the UNESCO 
International Association of Hydrological Sciences. 


2.1.1.6 Other Federal Agencies 


A variety of other federal agencies conducts water-related research 
or provides funding for such research. They are mentioned briefly here 
to complete the picture of the large number of federal agencies involved 
in water research. The Department of Energy, Mines and Resources 
conducts or facilitates research related to groundwater. Such work 
ranges from surveys and monitoring to the exploration of technologies to 
utilize the energy available in thermal groundwater supplies. The 
Department of Transport conducts research as it relates to freshwater 
transportation and navigation. Significant effort has been devoted to 
developing and testing technologies to extend the length of the shipping 
season in the Great Lakes - St. Lawrence system. The Department of 
Indian and Northern Affairs, responsible for that part of Canada north 
of 60 latitude, has been involved in a variety of water research 
activities, ranging from work to support comprehensive basin studies for 
the Yukon and MacKenzie Rivers, to research related to possible water 
pollution associated with resource development projects in the North. 
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2.1.2 Federal Granting Agencies 


In Section rary PA the focus was upon the mandates and 
responsibilities of federal line agencies and other organizations 
related to water research. Such organizations both conduct research in- 
house .as well as contract out such work to the private sector and 
universities through the Department of Supply and Services or through 
various research support programs. However, through the traditional 
granting agencies, the federal government also makes substantial funds 
available to the university research community. In this section, the 
characteristics of these funding agencies are described with regard to a 
comment that “'pure researchers' in water should compete with ‘'pure 
researchers’ in any other field for pure research funding from the 
general funding sources” (Cardy, 1984, 2). The three major funding 
agencies and their level of support are shown below. 


Funding Agencies and Levels of Support 


1983 - 1984 1984 - 1985 
Natural Sciences and Engineering 
Research Council of Canada S 282, 1007000 $ 291,300,000 
Medical Research Council S237 , 3125984 $ 156,900,000 
Social Sciences and Humanities 
Research Council of Canada $ 54,400,000 $ 62,800,000 


2.1.2.1 Natural Sciences and Engineering Research Council of Canada 


The functions of NSERC are to promote and assist research in the 
natural sciences and engineering other than the health sciences. Fields 
which are supported include agriculture, biology, biotechnology, 
chemistry, engineering, environmental toxicology, forestry, geography 
(physical), geology, oceans, physics, and interdisciplinary. Support is 
given to academic staff members of Canadian universities. Work is 
funded under six major activities: research grants (operating and 
strategic), research infrastructure grants, university-industry 
programs, developmental grants, general research support, and research 
manpower awards. 


During 1983-1984, NSERC supported over 17,000 individuals through 
its programs of grants and scholarships and launched its University- 
Industry program to encourage interaction between university researchers 
and Canadian industry. Research grants totalling $160.1 million were 
awarded, including 5,933 discipline research grants. Scholarships and 
fellowships totalled $40.2 million and were distributed to 1,494 
undergraduate and 2,422 graduate students. A comparison of NSERC's 
1983-1984 budget of $282.1 million with that of 1979-1980 ($120.7 
million) reveals a 135 percent increase in current dollars, or when 
inflation is considered, a real increase of 57 percent (NSERC, 1984). 
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2.1.2.2 Medical Research Council 


The MRC supports research in the field of health sciences. Since 
some diseases are communicated or nourished by water, some funds from 
the MRC could support water-related research. During 1983-1984, the MRC 
allocated $137.3 million to support health sciences research, of which 
$83 million was distributed under "grants in aid for general research”. 


2.1.2.3 Social Sciences and Humanities Research Council 


SSHRC was established in June of 1977 and began operating in April 
1978. It took over programs in the humanities and social sciences 
previously handled by the Canada Council. Its mandate is to promote and 
assist research and scholarship in the social sciences and humanities. 
SSHRC (1984, 22) noted that its budget increase from 1978-1979 ($30.4 
million) to 1983-1984 ($54.4 million) represented a growth of 79 
percent. However, if inflation is taken into account and the comparison 
is made in constant 1978 dollars, the increase was from $30.4 million in 
1978-1979 to $31.9 in 1983-1984, a real increase of only 5 percent. 


2.1.2.4 Interdisciplinary Research 


NSERC, MRC and SSHRC consider applications for major 
interdisciplinary research projects which overlap the mandates of the 
granting agencies (NSERC, 1984a, 3). In such situations, investigators 
are directed, prior to submitting a proposal, to contact the agency 
judged to have the major interest in the research. The Councils then 
endeavour through discussion to ensure that arrangements are made for 
appropriate assessment. 


Interdisciplinary proposals also may be considered by an agency if 
a proposal overlaps’ several disciplines within that agency's mandate. 
To illustrate, NSERC (1984a, 15) has an MInterdisciplinary Grant 
Selection Committee to cover situations when formal consultation between 
two or more other grant selection committees is not adequate to ensure a 
thorough evaluation. The Interdisciplinary Committee involves a small 
core membership with advisors drawn from other grant selection 
committees, or from outside sources, depending upon the circumstances. 
Thus, in theory, a mechanism does exist for the review of 
interdisciplinary research proposals, although most of the appraisers 
are selected from a pool of reviewers who were originally selected for 
their expertise in a specific discipline. 


Nevertheless, many researchers responding to the survey conducted 
as part of this review expressed doubt as to the commitment of the major 
funding Councils to interdisciplinary research. Slivitsky (1984, 10) 
has concisely summarized some of these concerns: 
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*++ea mumber of specific research projects which 
cross the boundaries of chemistry, earth science 
and biology end up with the committee for 
interdisciplinary research which has yet to find 
proper ways to completely fulfill its role. The 
same could be said for problems which fall between 


the “engineering” committees and the “pure 
science” committees: too fundamental for the 
first -- too applied for the second. 


The issue of integration becomes even more demanding and difficult 
when it involves bringing together the social and natural sciences as 
compared to integrating research among the natural sciences alone. This 
issue is critical when it is appreciated that policy-oriented research 
usually must address problems which cut across the natural and social 
sciences. 


2.1.2.5 Environment Canada, Inland Waters Directorate, Water Resources 
rE CRT aCe, ENarer Resources. 
Research Support Program 


In addition to applying to NSERC, MRC and SSHRC, university-based 
investigators may also apply to research programs administrered by line 
agencies. The Water Resources Research Support Program (WRRSP) of the 
Inland Waters Directorate is the main research program for water 
resources reserch. 


The WRRSP is one element of Environment Canada's overall Science 
Subvention Program which was designed to help Environment Canada 
realize its objectives through facilitating development of ideas 
generated by non-government scientists. The program supports research 
with “a significant component of concept development and exploration of 
novel approaches”. Disciplinary or interdisciplinary research involving 
the physical, biological, engineering and social sciences may receive 
support. A primary concern is “to establish an effective dialogue 
between non-government scientific institutions and the Department in 
areas of mutual interest and concern” (Environment Canada, 1984). 


The level of funding for the WRRSP program has been reduced 
substantially over the past decade. For 1973-1974, the WRRSP provided 
grants totalling $1,146,660. Of that total, $276,660 was given to 
support 44 individual projects at 24 universities (Environment Canada, 
39755.0.224). The balance of $870,000 provided support to 6 Canadian 
universities for continuing development of interdisciplinary water 
resources research centres (Westwater Research Centre, University of 
British Columbia, $180,000; Division of Hydrology, University of 
Saskatchewan, $140,000; Agassiz Centre for Water Studies, University of 
Manitoba, $155,000; Wastewater Treatment Centre, McMaster University, 
$125,000; Institute of Environmental Sciences and Engineering, 
University of Toronto, $140,000; Le Centre de Recherches sur 1'Eau, 
Laval, $130,000). 
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By 1976-1977, the WRRSP provided $1,000,000 which was shared among 
21 universities to study problems in nine priority areas identified by 
Environment Canada (1976). During 1978-1979, the WRRSP again allocated 
$1,000,000, to 24 universities for research in seven priority areas 
specified by Environment Canada (1978, 1). 


However, in August 1978 the Government of Canada announced that as 
part of general restraint, the WRRSP would be reduced from $1,000,000 to 
$250,000, effective in April 1979. Thus, by 1982-1983, the $250,000 was 
distributed to only 13 universities (Environment Canada, 1983, 24). By 
1984-1985, this same level of funding was directed by Environment Canada 
(1984) towards “a limited number of specific high priority areas” and it 
was expected that “not more than 10 to 12 proposals will be funded”. 


In response to this cutback, researchers attempted to persuade 
NSERC to identify water as a candidate field for support under its 
Strategic Grants program. However, Slivitsky (1984, 11) has reported 
that “NSERC has replied to such requests that not enough related 
proposals have appeared in the open area over the last few years to 
justify such an initiative”. This situation led the Inland Waters 
Directorate in January 1984 to contact investigators to encourage them 
to submit water-oriented proposals to NSERC. The hope was that if a 
substantial increase in water research proposals were received, then 
NSERC would decide to include water in the Strategic Grants program. 
However, this pattern of funding in the WRRSP provides confirmation for 
Rodger's (1984, 3) observation that “support for water research in 
universities has decreased considerably in the past 7 to 10 years”. 
This reduction has generated concern by many individuals and _ groups 
making submissions to the Inquiry. The Canadian Water Resources 
Association (1984, 16) expressed concern about "what appears to be a 
reduction in real federal dollars made available for water resources 
research” and along with other groups, urged that this trend be 
reversed. 


Other concerns also have been expressed. In the words of the 
Saskatchewan Research Council (1984, 6-7), “the subvention program is 
not effective because the same group of people get the money and which 
is too small an amount for effective research”. In addition, the 
Saskatchewan Research Council (1984, 6) queried why the subvention 
program was available only to university scientists. It argued that the 
program should be open to investigators employed in a range of 
institutions which would include governmental and private organizations. 


2.1.3 Provincial Governments 


While the federal government has many agencies active in conducting 
or supporting water research, the provincial governments also provide 
support for water-related work. Given their responsibility for 
management of water within provincial boundaries, provinces have devoted 
funds for monitoring of water flow and testing of water quality. The 
provinces also have given funds for background studies for comprehensive 
river basin plans, many of which have been joint, co-operative efforts 
with the federal government. 
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Many of the provinces also fund research councils such as_ the 
Alberta Research Council or Saskatchewan Research Council which devote 
some of their research effort to water problems specific to that 
province. 


2.1.4 Universities 


' Environment Canada (1975, 224) has stated that “since universities 
are the major source of research Manpower, strong programs in water 
research at these centres are prerequisites for performance in the other 
research sectors”. However, research activity at the university level 
is not a homogeneous effort, but instead can be pursued in many ways”. 


Multidisciplinary or interdisciplinary research centres which focus 
upon water research can be established. Examples are the now defunct 
Agassiz Centre at the University of Manitoba, and the Westwater Centre 
at the University of British Columbia, entering its 15th year of 
operation in 1985. Alternatively, multidisciplinary institutes or 
programs may exist which address water as one of several resource 
management concerns. Examples here are the Masters of Natural Resource 
Management program at Simon Fraser University and the Institute of 
Environmental Studies at the University of Toronto. A third alternative 
is a group research program focussed upon a selected aspect of water, 
such as the Division of Hydrology at the University of Saskatchewan, the 
Water Conservation Program at the University of Waterloo or the 
Watershed Ecosystem program at Trent University. 


Other approaches include small groups of scientists which form to 
undertake a specific study, and then dissolve themselves until another 
Situation arises in which that combination of expertise is needed, or 
individuals or small teams can undertake projects either through 
research grants or contracts. This category normally accounts for the 
greatest activity both regarding manpower and allocated funds. 


University water researchers obtain nearly all of their research 
funds from outside their universities, usually from government line 
agencies, granting agencies, or the private sector. In a national 
strategy for research, therefore, it is important that consideration be 
given to encouraging the different types of research activity ranging 
from the large interdisciplinary centre or institute to the individual 
scholar. 


A noteworthy exception with respect to funding sources is the 
Centre for Water Resources Studies at the Technical University of Nova 
Scotia which receives a grant of about $20,000 from the university to 
assist the administration of the Centre. The Centre was established in 
1981 to encourage coordinated research programs in water resources. 


2.1.5 The Private Sector 


Research activity in the private sector is the most difficult 
category to inventory because of the diffuse, and confidential nature, 
of much of the work. Industrial and manufacturing firms often conduct 
inhouse research to make their water use more efficient or to reduce 
wastes to be discharged into receiving waters. However, because this 
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work is usually undertaken to enhance the profitability of the firm, the 
results are not often published in the normal research journals. 
Furthermore, since the time for such work usually involves individuals 
doing a number of tasks in parallel, it is difficult to inventory the 
effort. 


Associations representing private sector interests also may fund 
work. For example, during the autumn of 1984 the Canadian Electrical 
Association invited proposals to conduct research to determine the 
extent to which environmental predictions made during environmental 
assessments of selected hydroelectric projects in Canada were confirmed 
during post-development experience. The CEA was providing a budget of 
$100,000 and stipulated that the work was to be completed within one 
year. Such research involves activity that is pertinent to water 
research, and yet determining what proportion should be categorized as 
water research is difficult. The twin difficulties of identifying 
resarch activity in the private sector and estimating which proportion 
is “water-related” ensure that estimates regarding water research in the 
private sector can only be of a “ball park” variety. 


Consulting firms conduct research for government agencies and the 
private sector. The work can range from multi-million construction 
projects in Canada or overseas, to two or three-day projects for 
municipalities or small firms. Due to the large number of consulting 
firms, it is difficult to inventory their effort. 


A source of funding for water resources research is the private 
foundation. Since 1975, the Devonian Group of Charitable Foundations, 
based in Calgary, has had available capital, plus income, of $71 
million. In conjunction with the Canada West Foundation, the Devonian 
Group supported a study of the water resources of interior western and 
northwestern Canada from 1979 to 1982. Based in Toronto, the Donner 
Canadian Foundation (1984) has identified “oceans and inland waters” as 
one of five fields for which it will provide support. Donner indicates 
that “prime consideration is given to applications which do not fall 
under the terms of reference of other agencies active in the field, and 
to experimental ventures for which seed money is not always available”. 
Two water-related projects were funded in 1983. The North American 
Wildlife Foundation received $225,000 for research on waterfowl and 
wetland ecology at the Delta Waterfowl Research Station near Portage la 
Prairie in Manitoba. The Rawson Academy of Aquatic Science was given 
$124,400 to conduct a major review of water resources in Canada. 


2.2 COORDINATION AND COMMUNICATION OF RESEARCH ACTIVITY 


Given the wide array of organizations and individuals involved in 
water research, it would seem reasonable to assume that overall 
effectiveness would be improved if the effort were coordinated and if 
the participants maintained contact with one another. A number of 
mechanisms for coordination and communication exist. Those which are in 
use are briefly reviewed below. 
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2.2.1 Coordination Mechanisms 
2.2.1.1 Interdepartmental Committee on Water 
eet en ee MLL ECE..ON “Waller: 


The Interdepartmental Committee on Water (ICW) was created to 
facilitate interdepartmental considerations and approval of “all federal 
water programs” (Environment Canada, 1983, 3). It usually meets about 
three times a year, and in the year ending on March 31, 1983 it had 26 
members representing a total of 20 departments and agencies with an 
interest in water matters. Subcommittees and Working groups are 
established as required. During 1982-83, 4 subcommittees existed: (1) 
Canada-US, Great Lakes Quality Agreement, (2) water quality, (3) floods, 
and (4) to prepare responses to IJC reports. Two working groups’ were 
concerned with containerized water export and preparation of a_ federal 
water strategy paper. No subcommittee or working group explicitly 
addressed research on a comprehensive basis. 


Even if research were explicitly and Systematically addressed by 
the federal Interdepartmental Committee on Water (ICW), an evaluation 
completed by Environment Canada (1981, 16-17) raises serious questions 
about the adequacy of such a mechanism. In the review it was concluded 
that while the Inland Waters Directorate approached the consultative 
function of the committee in a serious manner and used it as a vehicle 
for interdepartmental review of its own programs, "other agencies are 
more likely to make decisions and let ICW know as an information item 
later”. Furthermore, the ICW was viewed as a headquarters institution 
which did not appear to strengthen regional coordination of federal 
activities. 


2.2.1.2 National Research Council - Associate Committee on Hydrology 
eerie een ee Eee VOR. Eee On NyGLOLORy| 


The Associate Committee on Hydrology exists to foster contact 
between research and operational agencies and individual scientists, to 
disseminate knowledge and information, and to formulate’ research 
priorities. Within its narrow concern of hydrology, it undoubtedly does 
a reasonable job since it incorporates people from federal and 
provincial agencies as well as universities and industry. However, it 
does not, and can not, serve as a coordinating group for the broad mix 
of water research issues which range from quantity to quality and from 
health to agricultural concerns. 


2.2.1.3 Canada Centre for Inland Waters 


CCIW was established to consolidate in one place, the water 
research activities of three federal departments. That was a_ forward 
move in integrating federal water research efforts, but by itself has 
not been sufficient to coordinate water research at the federal level 
since many line agencies are not represented at Burlington, nor at the 
regional offices of NWRI. 


2.2.2 Data Management Systems 


Data and information reference systems can serve aS a vehicle to 
keep investigators informed of the results of research activity across 
the country. The federal government operates a number of such data 
management systems (Environment Canada, 1983, 25-26). 


WATDOC provides direct, nationwide access’ through computer 
terminals to an inventory which lists water-related articles and 
reports. WATDOC is publicly available through an on-line storage and 
retrieval system. NAQUADAT, the national water quality monitoring 
program's data bank, stores and retrieves chemical, physical, 
bacteriological, biological and hydrometric data pertinent to water 
quality. STAR is a system for limnological data generated from 
monitoring cruises on the Great Lakes. WATENIS is a water effluent 
national information system. It provides an inventory of industrial and 
municipal water pollution sources as well as information regarding water 
effluent regulations and guidelines. MUNDAT, a data base for municipal 
waterworks and wastewater systems, was developed in cooperation with the 
provincial governments and the Federation of Associations on the 
Canadian Environment (FACE). HYDAT has been developed to store and 
retrieve data on streamflow, water levels and sediment transport 
collected through federal-provincial Water Quantity Agreements. 


From these examples, it can be seen that the federal government has 
taken considerable initiative in developing data Management systems 
which should be useful to researchers in federal and provincial 
governments, universities and the private sector. As with all such data 
management systems, a key is to ensure that potential users are aware of 
the systems and their characteristics, and that the Systems are 
accessible to users. The worth of such systems cannot be assured by 
their existence. Consequently, an assessment of these data management 
Systems would be appropriate. 


2Ze2ea) Journal's 


Refereed articles in journals represent a source which researchers 
traditionally rely upon to keep abreast of work in their field. Several 
water-oriented journals exist in Canada. The Canadian Water Resources 
Journal (Revue Canadienne des Ressources en Eau) is published quarterly 
by the Canadian Water Resources Association, a national non-governmental 
organization now in its 38th year. The first issue of the Journal 
appeared in October 1976, published with financial assistance from 
Environment Canada. The journal gives preference to papers focussing on 
information and policy aspects. Papers are published in both English 
and French. 


The Water Pollution Research Journal of Canada (WPRJC) is sponsored 
by the Canadian National Committee of the International Association of 
Water Pollution Research and Control. Papers focus on all aspects of 
water pollution research. Before 1984, the WPRJC was published by the 
University of Toronto. One issue was published each year with a focus 
on the engineering aspects of pollution. A small Editorial Board was 
dominated by university engineering departments based in southern 
Ontario. In 1984, the Chief Editor became an individual at the National 
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Water Research Institute, and the Editorial Board was expanded to 
include scientists from government agencies and universities across the 
country. By 1986 it is intended that the journal will be published 
quarterly. 


The Canadian Journal of Civil Engineering is published bimonthly by 
the Canadian Society for Civil Engineering. Research papers relevant to 
water resources are included within categories of hydrotechnical 
engineering and environmental and sanitary engineering. Supporting 
contributions to the costs of publication are made by the National 
Research Council of Canada. 


Eau du Québec is a journal published by the Association Quebecoise 
des Techniques de 1'Eau which was founded in 1962. It is published 
quarterly. All papers are in French, with the focus upon water and 
wastewater treatment in Quebec. The journal is oriented to researchers 
and practitioners in the public, university and private sectors. 


Thus, in Canada there exist a number of journals through which 
research findings can be disseminated. However, Canadian journals do 
not always ensure that good communication occurs between the researchers 
and the managers, or users. As Cardy (1984) observed, research findings 
may not be used if they are published in "a very technical or high- 
powered research journal which practitioners don't read. (Tits “ts 
common because researchers are rated by their peers not by the 
application of their research, so they aim to publish in the most 
prestigious journals, not the most widely read)”. 


Another consideration is that regardless of the number of Canadian 
journals, researchers also will publish their research in international 
journals. This may be done for one or more of several reasons. As 
Rodgers (1984, 7) commented: 


I. Staff look to international recognition for promotion criteria. 
2. Canadian journals, where they exist, lack the stature of 
international publications. 


Slivitzky (1984, 8-9) expressed a similar concern when noting that “the 
growing tendency to publish outside of Canada and in very specialized 
journals does not tend to bring the results to the attention of the 
users. Most of these journals, especially the ones recognized by the 
peers, are unknown or unread by the professionals in operating 
agencies”. 


2.2.4 Conferences and Workshops 


A variety of conferences and workshops are held every year, ranging 
from annual and regional conferences.of the Canadian Water Resources 
Association to “one-shot” events such as the Government of Ontario's 
“Futures in Water Conference” in June 1984 or the Rawson Academy's 
symposium on “Canada's Waters: The State of the Resource” to be held 
during late May 1985. In addition, organizations such as the NRC - 
Associate Committee on Hydrology and the Canadian Society of Civil 
Engineers organize technical meetings to facilitate exchange of research 
results. 


Dissatisfaction appears to be growing with regard to large 
conferences in which presentations are restricted to 10 or 15 minutes 
and in which “there is barely time for a question following most 
presentations” (Cardy, 1984). In this context, enthusiasm is expressed 
for more workshops, smaller group gatherings, less reading of papers, 
and more discussion, debate and exchange of ideas. In this regard, the 
federal government has taken some positive initiatives. For example, in 
May 1982 the Inland Waters Directorate convened a 3-day workshop. on 
"Social Impact Assessment and the Flood Damage Reduction Program” in 
which federal government and other experts met for an intensive 
discussion ranging over program effectiveness and research requirements. 
A similar format was used in November 1982 in a technical workshop 
focussing on Streamflow Forecasting. 


2.3 CONSTRAINTS AND REALITY 
2.3.1 Fragmentation of Research Effort 


Because water has an influence on so many human activities, it is 
not surprising that a number of federal line agencies allocate some of 
their research effort to water. Environment Canada, as the lead agency, 
addresses both quantity and quality issues. Fisheries and Oceans is 
concerned with water-related problems which have implications for the 
fishery. National Health and Welfare addresses health and _ safety 
aspects, especially drinking water and waste disposal. Agriculture 
examines the role of water in the production of food. The ministry of 
Transport focusses upon transportation on inland waters, particularly 
significant in the Great Lakes - St. Lawrence River system. The outcome 
is a dispersion of research effort amongst a variety of federal line 
agencies which have associated institutes and laboratories scattered 
across the nation. 


Fragmentation of research effort is exacerbated further when it is 
appreciated that the provinces have a major responsibility for water 
management within their jurisdictions, and therefore also invest money 
and human resources in water-related research through line departments 
responsible for natural resources and the environment. In addition, 
many of the provinces have research institutes or centers which devote 
some of their attention to water problems. When the provincial and 
federal research effort is viewed in conjunction with water-related 
research activity in universities and the private sector (industry, 
consultants, foundations), it becomes apparent that a major management 
issue is how to coordinate and integrate research activity which is 
dispersed across many organizations located across the country. 


At the moment, although various attempts at coordination have been 
made, there appears to be scope to make more effective use of the water 
resources research funding and talent in the country (Section 2.2). As 
a senior federal official responsible for managing water research 
commented, “Somebody has to be accountable for specific objectives and 
be given reasonable control over the resources to achieve those 
objectives. As it stands at the moment, the control is widely 
separated”. 
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2.3.2 Regulatory Role 


In addition to being fragmented among a variety of line agencies, 
the federal water research programs often must function to support the 
regulatory or operational responsibilities of line agencies. This 
situation is particularly significant for the lead water agency, 
Environment Canada. About 25 percent of the research and scientific 
service functions of NWRI have, through commitment in Treasury Board 
submissions, been directed to Great Lakes Water Quality problems. 


Given the important regulatory mandate of such federal agencies as 
Environment Canada, the research managers encounter significant 
constraints when conceiving and designing research. In other words, the 
range of choice of research projects is restricted substantially by the 
regulatory mandate of the organization. Pressure exists for water 
research in such agencies to be short-term and mission-oriented rather 
than long-term and basic in nature. Such pressure in itself is not 
necessarily inappropriate given the needs of the line agency,  buteedtt 
does contribute to a situation in which relatively low priority is given 
to anticipatory research focussed upon the problems of the future, 
rather than those of the present. 


2.3.3 Centralization 


As in many fields of research, the cost of equipment for regular 
monitoring and/or experimental testing is rising steadily. Within the 
federal government in the last five years, this consideration has been 
an important influence in a trend toward centralization of research 
activity. Not only has centralization been pursued to realize economies 
of scale for expensive and sophisticated equipment, it also has been 
viewed as desirable by creating concentrations of researchers who can 
interact with, and stimulate, one another. 


These real advantages of centralization - scale economies and 
Synergistic effects from concentrated groups of investigators - must be 
balanced against some negative considerations. Acquisition of expensive 
and sophisticated equipment can lead to a bias towards research 
dependent upon such equipment and neglect of other important research, 


not requiring the same level of infrastructure. Furthermore, the 
centralized groups of scientists may find it increasingly difficult to 
respond to the needs of managers spread across the country. Indeed, a 


tendency can occur for an emphasis in research upon problems in_ the 
region in which the centralized research facility is located, and 
neglect of problems in other regions. 


The concern about centralization was expressed clearly in a 
submission by the Honourable G.R. McMahon (1984, 19), Minister of 
Community and Cultural Affairs for Prince Edward Island. In his words, 


“In hydrology, the province maintains contact with 
the National Hydrology Research Institute of 
Environment Canada. However, with a significant 
portion of the agency's work force devoted to other 
federal agencies, little groundwater research has been 
carried out in the Atlantic Region in the last several 
years. 

The planned transfer of this agency from Ottawa to 
Saskatoon in 1985-86 is further reason for concern. 
The feasibility of this agency conducting field 
research in the region becomes even more reduced”. 


These types of problems reinforce the need for a mechanism to plan and 
coordinate research activity at a national level. 


2.3.4 Regional Issues 


Water problems and issues vary from region to region across’ the 
country. The priority water issues in Atlantic Canada are not always 
identical to those of the Prairies, while issues in British Columbia 
often are different from those in Quebec. Regional differences in 
natural landscape, climate, settlement patterns and economic activity 
combine to generate a mix of problems. While some issues such as acid 
rain are significant for a number of regions, others are unique to 
specific regions or areas. This situation was mentioned frequently in 
the submissions to the Inquiry and by the experts consulted during this 
investigation of water research activity in Canada. It also was noted 
in the earlier reviews by Bruce and Maasland (1968) and Lefeuvre (1984). 


The existence of different regional water issues and _ problems 
generates tension with respect to the trend towards centralization of 
research effort in federal laboratories and line agencies. As 
centralization is pursued, an increasing concern arises that the ability 
to respond to regional issues may be reduced. A major management 
problem therefore is to accommodate the presence of different regional 
problems while realizing economies of scale and benefits of interaction 
among scientists resulting from centralization of research activity. 


2.3.5 Varying Perspectives 


A variety of legitimate perspectives exist regarding research 
activity. Federal researchers often define their research work with 
reference to the mandates of their organizations. Provincial 
investigators take a similar perspective regarding their mandates. In 
the private sector, research is usually pursued to improve the 
efficiency of industrial processes or to develop new products or 
services which can be marketed on a commercial basis. Within the 
universities, research of a fundamental or pure nature may be’ pursued 
with funding from organizations such as NSERC or SSHRC, or may be done 
on a contract basis for government or the private sector. 
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In brief, the motivations for research may vary from sector to 
sector. Even if each group plans and coordinates its research activity 
in the interest of enhancing effectiveness within its sector, there is 
no assurance that an effective national strategy of research will emerge 
in the present situation, as there is no group responsible for 
considering the national perspective. In this context, a federal and 
national perspective are not synonymous. Nevertheless, the federal 
government should have a major role in helping to formulate and 
implement a coherent national strategy for water resources research. 


2.4 CURRENT FUNDING LEVELS 
2.4.1 Some Comments on Difficulties in Quantification 
Se negra ee ee ek eh Ca CL On 


Although simple in concept, the quantification of the dollars 
associated with water resources research is extremely difficult. These 
difficulties arise for a number of reasons worth explaining briefly 
since frequent reference will be made in subsequent sections to the 
need to employ assumptions in the quantification of research efforts. 
The difficulties include: 


(i) What is water research? The underlining emphasizes that the 
predominant concern is on water as the primary focus of the research. 
The difficulty in identifying water research is whether water is the 
primary focus, or whether, for example, it is insect research. 


ey What is water research? The underlining emphasizes that the 
activity must involve research and not, for example, routine data 
collection. There is no control on how adequately this criterion was 
used during completion of the questionnaire by individual respondents. 
The concerns do not end here, however, in that information from some 
funding agencies only included individual project titles; it was 
necessary therefore to guess whether or not projects being funded 
qualify as research. 


As well, indirect and overhead costs are difficult to quantify and to 
determine to what extent they should be included in research 
expenditures. These include administration and common services such as 
library, major common-user facilities and housing. 


(1ii) What is the category of research? To indicate the emphasis in 
direction of ongoing research, both within this study and for the 
previous studies (Bruce and Maasland (1969) and Lefeuvre (1984)), a 
series of categories of research have been identified. To allow for the 
characterization of trends that may be occurring with time, the same 
categories of research as used with the Lefeuvre study have been 
employed. Regardless, individual researchers frequently expressed 
considerable difficulty in assigning a particular category to their work 
with a common response that several categories were all applicable. 
Where more than a single category was noted in a questionnaire response, 
the approach adopted in the assignments to allow summations of the 
activity levels in the individual categories was simply to assume an 
equal distribution of effort within the categories specified. 


Sh. 


(iv) To what degree is the “double-counting” of dollars a _ problem? 
This concern arises because several organizations may be reporting the 


same contract. For example, both the funding agency and the consultant 
doing the actual work, may list the same project. Obviously such a 
situation would overestimate the expenditures on research. The extent 


of any double-counting in the tables to follow is not felt to be 
appreciable, since considerable efforts were extended to eliminate this 
problem whenever sufficient information was provided to trace the dollar 
flows. 


(v) Substantive responses from consultants were extremely minimal. 
This determination was very disappointing since it is only from the 
consultants themselves that an accurate assessment can be obtained of 
research funds obtained from other than federal agencies and _ selected 
provincial agencies (i.e. those which responded or publish annual 
reports). Since consultants claim they want to do more research, it is 
unfortunate to see how few deemed it worthwhile to indicate their 
interests and concerns through completion of the questionnaire. 


(vi) Scale adjustments in research efforts were necessary because 
responses were not received summarizing all activities. The majority of 
the scaling undertaken was with NSERC operating grants -- a total of 1.5 


million dollars was reported in the questionnaire responses, whereas 
3.27 million dollars for water resources research were identified as 
being funded, from the NSERC file records Presuming that the reported 
university research funds from other sources (e.g. municipal, 
provincial, and industry) represented the same ratio as with the NSERC 
operating grants, these other sources of research revenue to the 
universities were also scaled by the ratio of 3.27/1.5 =2,18. 
Exceptions to the scaling were followed when reports were available on 
total fundings from a particular agency or organization (e.g. the 
Ontario Ministry of.the Environment and the Donner Foundation); for 
these funds, the research expenditures were accepted as published. 


(vii) Budget responses from universities did not include such dollar 
values as those of salary costs of professors, graduate student 
scholarships and overhead costs on many projects (e.g. those funded by 
NSERC). 


The intent of the preceding is to indicate the types of difficulty 
of assignment of research dollars that are presented in the section to 
follow. The resulting tabulations represent the combination of analyses 
of questionnaire returns, contacts with individuals and agencies, 
examination of financial reports, etc. The data base is admittedly 
incomplete. Anyone in the field could, undoubtedly, identify specific 
omissions or incorrect characterizations. Refinements may always be 
made but within reasonable time and budget limitations and the 
appproximations indicated above, the findings are felt to be fairly 
representative of current research efforts in Canada. 
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Table 2,1 Research Source and Expenditure Dollars 
By Sectors of Research Community, 1983 


Source Expenditures 
Research Sector ($_in 000's)(% of Total) ($ in 000's)(% of Total) 
Federal 40852.1 7302 2819001 50.5 
Provincial 8985.7 16.1 7099.7 12.7 
University 1447.8 2.6 14897.0 2607 
Industrial 239052 4,3 5632.4 1071 
Municipal 93082 | 1.7 ---- =a=s 
Foreign 305.8 #5 ---- ee 
Other 907.2 1.6 =n ee 
Totals 55819. 55819. 


Table 2.2 Research Funds for Water Resources, 
Over Time 


(Values in $000's) 


Research Funds Research Funds 
Year in Given Year in, 1983. DolLlarse* 
elpiepghasoesnccemandinhpactuncenacpsaiempa-naccteesprscegeaitceitee ae ee ee ee eS 
1966 8389. 29640. 
(Bruce/Maasland) 
1979 52000. 75400. 
1983 55020. 


*using the consumer price index to update funding levels 


va Decne 


Funding 
Sector 


Federal 
Provincial 
University 
Industry 
Municipal 
Foreign 


Other 


Note - all values 


Table 2.4 


Research 
Sector 


Federal 
Provincial 
University 


Industry 


Changes With Time,of Percent of 


Total Funding By Source 


Year 
1966 


6953 


LG 


expressed in percents of total 


Changes With Time of Percent of 
Total Funding by Expenditure 


Note - all values expressed in percents of total 
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2.4.2 Source and Expenditure Levels of Research Monies 
eee eens ae kee ee ea ees a er een en MORLES, 


As an overall summary, the research dollars in relation to various 
research sectors are listed in Table 2.1 - the first column of values 
indicates the dollars provided by the research sector as the source of 
revenue, whereas the second column of values indicates the research 
expenditures by the respective research sector. As indicated by the 
last row of numbers, a total of 55.8 million dollars (1983) is expended 
on water-related research in Canada. The research funding is derived 
from a number of sources but the majority is from a very few. 


An indication of the time-history of funding levels for water 
research is provided in Table 2.2 (the consumers price index was used 
for the updating). The indicated values present updated values to 1983 
for the Bruce and Maasland and Lefeuvre studies. There is a substantial 
increase over 1966 funding but not at the levels which were recommended 
in the Bruce-Maasland report. In addition, a significant decrease in 
research funding in terms of 1983 dollars, is noted, from the 1979 study 
findings. 


An examination of the funding levels by source as they have changed 
over time is interesting, with the various percentiles as indicated in 
Table 2.3. It would be inappropriate to attempt to draw too many 
conclusions from the figures but certainly some general trends are 
noteworthy: 


€1) budgets available from universities as a source of research money 
have essentially disappeared; 


C215) industry contributions as a source of research money have 
increased; and, 


(iii) the federal sector has continued to provide the greatest portion 
of the research funds available. 


The changes with time of percent of total fundings as measured by 
expenditure, are indicated in Table 2.4. Given the uncertainty in the 
data, it is difficult to discern any significant trends although it 
appears there is an increasing role being filled by the federal sector 
while a decreasing role is being filled by the provincial sector. 


Indications of the subject emphases of the funds provided by the 
various sources are summarized in Table 2.5. The sub-categories as 
included in Table 2.5 (and those to follow) have been chosen so as. to 
coincide with those categories used in the previous studies. 


As summary comments overall: 
(1) support by federal research dollars is spread over all the sub- 


categories but 56 percent of the total is within the 500 series 
dealing fairly specifically with water quality concerns. 
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(ii) support from provincial agencies is slightly less in terms of 
percent of total to water quality in the 500 series (532), with 
considerable emphasis (29%) on the 200 series. 


In a context similar to Table 2.5, the funds expended by the 
various research sectors within the sub-categories are summarized in 
Table .2.6. As apparent from the indicated dashes, certain types of 
research are not being pursued within some of the research sectors. 


Summary information of the changes in emphasis of the research, as 
quantified by percentages within each of the 100's of the sub- 
categories, is provided in Table 2.7. Trends toward an increasing 
emphasis on water quality are apparent. 


The expenditures on water resources research amounted to $56 
million. While this expenditure may seem quite large, it amounts to 
only approximately $2.25 per Canadian citizen. To put this in a better 
comparison with other expenditures, expenditures on other concerns (in 
accord with Statistics Canada records) include: 


Expenses per Family (1983 $) 


water Py isleie! 
electricity op ey ais) 
telephone S$ 354.9 
laundry Ss 102.5 
house insurance SmLOsR3 
contents insurance Ser tS aed 
health insurance Se2eoeD 
cigarettes 5 366. 1 
vehicle insurance S$ 382.0 


Thus, while the expenditures on research may seem quite large, 
there exists a great need for more water research in Canada and the 
expenditures on _ research in comparison with other expenditures being 
made, are very small. Canadians are becoming more aware of the 
importance of water resources and will be looking to their governments 
for sound stewardship. 


2.4.3 Distribution of Research Effort in Canada 


The numbers of research projects classified by sector or agency of 
performance are provided in Table 2.8. It is readily apparent that the 
majority of research projects are undertaken within the federal sector, 
followed by universities, the provinces and lastly, the private sector. 


2.4.4 Changes of Emphasis in Research: Effort 


Summarized in Table 2.9 are the percentages of the total water 
resources research expenditures within the different categories of 
research, as quantified over time. Some changes in emphasis are readily 
apparent whereby a decreased emphasis on the water cycle has occurred 
with an increased emphasis on quality management and protection. The 
remainder of the categories have remained essentially unchanged. 
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Table 2.9 Percentage of Effort Within Different 
Categories of Research 


(all values in percent of total) 


Category 1966 we Wk! 1983 
100 Nature of Water ne “2 ae 
200 Water Cycle 47. Zi 2A36 
300 Supply Augmentation = 1 343 


and Conservation 


400 Quantity Management 4. 4.5 Zoe 
and Control 


500 Quality Management 30. 40.5 ae. 7 
and Protection 


600 Economic, Social and ce a 3.0) 
Institutional Aspects 


700 Resources Data oe 4.5 4.7 
800 Engineering Works oe ke fe 3.4 
900 Environmental Management na 6. #8 


and Protection 


Note - na category not included in 1966 study 
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2.4.5 Geographical Distribution of Research Effort Within Canada 


Indications of the geographical distribution of the water research 
effort in Canada are provided in Tables 2.10 and 2.11 where the number 
of water research projects being carried out in each province (and 
Ottawa) and the research expenditures being made within each province 
(and Ottawa), respectively, are provided. It is readily apparent that 
the majority of research efforts are currently being carried out in 
Ontario. On the other hand, the emphasis on more regionally-specific 
aspects of water resources are being pursued in specific locales, viz 
the classes of 300 (Supply Augmentation and Conservation) and 400 
(Quantity Management and Control). 


It is to be noted there are projects which could not be assigned 
due to a lack of information available to the study - e.g., only 
reported research dollars expended by an agency but not the geographical 
location at which the expenditures are made. Thus, the numbers reported 
in Table 2.10 are definitely on the low side. 


2.4.6 NSERC Funding Levels by Discipline 


NSERC continues to be the major source of funding for water 
resources research at universities. As estimated within this study, 31 
percent of the total funding of water resources research at universities 
was obtained from general NSERC grants. In addition, 16 percent of 
total funding of water resources research at universities was obtained 
from the Strategic Grants program of NSERC. Thus, NSERC alone provides 
47 percent of the funding for water resources research at universities 
in Canada. 


The departmental distribution of the NSERC monies is indicated in 
Table 2.12 for Grants and in Table 2.13 for Strategic Grants. The 
tabulated information indicates how the Strategic Grant research dollars 
are being directed in larger grants, in comparison with the _ general 
NSERC grants (the Strategic Grants being approximately 43400/18700 = 2.3 
times as large). The intent in the Strategic Grants program to direct 
larger grants toward priority areas is obviously being pursued. 


2.4.7 Funding Through the Department of Supply and Services 


Funding agencies, in combination with Department of Supply and 
Services (DSS), represent a significant component of research directed 
in particular to the private or industry sector. An indication of the 
funding role of DSS is provided by the data summarized in Table 2.14. 


Several remarks may be made: 


(i) DSS funding by the unsolicited proposal route provides a 
valuable opportunity for supporting innovative work, since the 
incentive at least in part, encourages individuals and 
organizations to be innovative in their unsolicited proposals; 
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Table 2.12 Distribution of Grants for Water Research 
As Funded by NSERC, 1983 


Monies to Grants 


Number of Average Size Standard Total 

Department Grants ($) Deviation ($000's) 
($) 

a a a a 
Civil Engineering 90 16922 6513 A De Pe 
Geography and Agric. 3 14370 FAT 187 
Engineering 
Oceanography 13 24999 9915 325 
Biology/Chemistry/ 42 22905 15385 962 
Botany/ Zoology 
Mathematics/Physics/ a 15770 LTS 73 268 


Earth Sciences 


Total = $ 3,265 


Notes - figures quoted for fiscal year 1983/84 
- some latitude has been used in rounding-off the number in 
the above table so as not to imply unwarranted precision. 


Table 2.13 Distribution of Strategic Grants for 
Water Research as Funded by NSERC 


Monies to Grants 


Number of Average Standard 
Department Strategic Size Deviation Total 
Grants (S$) (S) ($000's) 

Chemist ry/Biology/ 20 38745 5296 774.9 
Botany/ Zoology 

Civil Engineering 9 49722 5494 447.5 
Oceanography 7 46586 5004 326.1 
Mathematics/Physics/ 3 48267 4176 144.8 


Earth Sciences 


Totals 39 1693.3 


Table 2.14 DSS Summary of Water Research 


Funded Projects (in 1983) 


Federal Department 
Source 


Environment 

Fisheries & Oceans 

Energy, Mines & Resources 
International Joint Commission 
National Research Council 
Transportation 

AECB 


Agriculture 


Sub totals 


Research Dollars 
to Private Sector 
(000's) 


872.4 
S27 ad 
iG vanae 

epee 
703.4 
130.0 

2330 


LO3%2 


2007.7 
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Research Dollars 
to Universities 
(000's) 


186.8 


341.4 
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(ii) DSS funding, in combination with the bridge funding required 
from the sponsoring department, represents an important 
Opportunity to direct research efforts toward designated, 
priority areas. 


(iii) on the negative side, sponsoring departments have historically 
had great difficulty in providing even the modest bridging 
funds required (typically fifteen percent of the total 
budget), since this type of funds are in extremely short 
supply (as indicated within both the interview and 
questionnaire responses). 


(iv) there is bidding amongst departments of the federal government 
for research monies, with the research money going to 
universities, if obtained. These funds provide financial 
support for topics of federal priority. 


2.4.8 Research Effort by Educational Levels 
Berrie te et ey ee ee VOLS, 


Of interest for future personnel needs are the varying requirements 
for different educational levels. Unfortunately, many of the submitted 
questionnaires were incomplete, making it impossible to get an accurate 
determination. However, presuming those questionnaires received are a 
random set of submissions, then the relative numbers of individuals of 
varying educational levels involved in research within the sub- 
categories should indicate the areas of current, greatest involvement. 
The information available in the questionnaires is summarized in Table 
2.15 which indicates the man-years of research effort classified by 
educational level. 


Information on professional staff additions and deletions as 


reported was rather incomplete -- only specific examples are available. 

Specifically: 

(i) NHRI - no major staff changes are planned (the addition of 7 
by 1985), 

(411i) NWRI - no staff changes planned, 

(iii) Freshwater Institute - only 10 additional staff planned by 
1985. 


It is also worthy of note that there are no full-time research 
scientists in NWRI who will be younger than 35 at the end of 1985 and 
that 60 percent of the scientists are between the ages of 40 and 49. 
All of this does not bode well for employment opportunities in the above 
organizations, Further comments on research personnel and continuing 
education are contained in Section 3.2.7. 


Other submitted information was not in a form for which viable 
projections could be made. Few additions are expected with current 
funding levels. 
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2.5 Examples of Funding Patterns 


The previous discussion has provided an overview of water research 
activity and effort at an aggregate level. In this section, attention 
is focussed upon two organizations to illustrate the way in which the 
general trends and patterns manifest themselves within specific 
organizations. 


2.5.1 ‘National Water Research Institute 


The National Water Research Institute (NWRI) represents a major 
component of the water research effort in Canada. Specifically, the 
Institute carries out a program of research and development designed to 
meet the objective of providing the necessary information and 
understanding of water systems for water management problems or 
opportunities in Canada. 


Due to the leading role of NWRI in water research in Canada, a 
request was made of Dr. G.K. Rodgers, Director of NWRI, to quantify 
personnel and budget expenditures that have occurred over recent years. 
The response included the person-year resources as quantified in Table 
2.16. From the tabulated figures it is apparent that core staffing is 
reducing while other staff resources (so-called “soft" sources because 
of their temporary nature) have remained fairly steady with a_ small 
increase in 1984/85. Overall, there has been a slight decrease with 
time. 


The trends in capital and operations and maintenance (O&M) budgets 
are provided in Table 2.17. The bracketed values following individual 
entries represent adjusted values to 1983/84 fiscal year dollars using a 
consumers price index. Noteworthy points regarding the indicated values 
include: 


(i) O&M reported values do not include salaries, 


(ii) the values in capital trends are largely all in research with 
approximately $160 k to $200 k being used in support of field 
operations and calibration/assurance services. The variations 
in the levels for supplementary capital are directly 
attributable to specific initiatives, and explain much of the 
variability in the total funding levels, the last row in the 


table; 

(iii) the O&M A-base is subdivided into building/administration and 
research/R.S.A. Noteworthy is that building and 
administration costs have increased whereas research 


allocations have decreased, with the total O&M A-base dollars 
remaining essentially constant; 


(iv) supplementary funding to O&M is variable from year to year. 
These funds are a measure of direct support from NWRI clients 
including Canadian Climate Program, Program for Energy R&D, 
Great Lakes Water Quality Program (special allocation to 
Regional Director General), Toxic Chemicals Management Program 
and Long Range Transport of Airborne Pollutants. 


Table 2.16 NWRI Person-Year Resources 


Fiscal Year 


1981/82 1982/83 1983/84 1984/85 
Regular Staffing 262 260 254 250 
Others Oso TaD 8.9 Sd Be 


("soft sources") 


Grand Totals DUO sD Oe ZO2R9 IKI WS) 


3 


Table 2.17 NWRI Funding Trends 


Fiscal Year 
ee ee ee ee SR eS 


1980/81 1981/82 1982/83 1983/84 1984/85 
Capital Trends 
Core A-Base Capital 903 (1189) 982/( 1151) 1324 (1401) 1461 (1461) 1407 (1349 
* x 
Supplementary Capital 2591( 336) 938 (1100) DEES 25))) 714(714) 196(188) 


O&M Resource Trends (salaries not included) 


Building & Administration 1615(2128) 2046) 2398) 2280(2413) 2503'(2505) 2760) 2646 


Research and R.S.A. 2166( 2854) 22532590) 2428 (2569) 2384 (2384) 2369( 2272 
Total A-Base 3781(4982) 4199(4922) 4708 (4982) 4887 (4887) 5129(4918 
Supplementary Funding 740(975) 1259(1476) 934 (988) 1483 (1483) 980(940) 
Totate 5679(7482) 7378(8649) 7209(7628) 8545(8545) 7712(7395 


Notes - all budget values in $000's 


- bracketed values are estimated 1983/84 dollar values using the consumers 


price index as an adjustment factor 


major toxic chemical instrumentation program 


xk 
renovation of water quality lab/WQB centralization at CCIW 


WS 


The most important finding from the above information is that with 
respect to both person-years and research dollars, the resources 
available to NWRI are decreasing with time. Since NWRI is definitely a 
leading agency for water research in Canada, this finding is 
distressing. 


pan er 4 Westwater Research Centre, University of British Columbia, 
Vancouver 


The Westwater Research Centre is a part of the Faculty of Graduate 
Studies at the University of British Columbia. Its role is “to carry 
out studies of policies and methods of managing natural resources” 
(Westwater Research Centre, 1984). Its research program currently has 
several thrusts including coastal resources of British Columbia, water 
quality management, northern water resources planning, and international 
water resources management. To conduct its work, Westwater has a 
permanent staff of university professors and research associates with 
expertise in law, planning, economics, political science, geography, 
marine ecology, fisheries, biology, and environmental chemistry. 
Although the University of British Columbia now pays for the core budget 
of the Westwater staff, “it is intended that Westwater be as self- 
supporting as possible and, therefore, that its project budgets cover 
staff time as well as travel, office and publishing expenditures” 
(Westwater Research Centre, 1984). 


Westwater was one of six university programs across the nation to 
receive development support from the Inland Waters Directorate in the 
early 1970's. The intent was to encourage and develop different aspects 
of water research expertise in various regions of the country. 
Westwater was established in September, 1971, with a development grant 
of $90,000 provided by the Inland Waters Directorate of Environment 
Canada. In the second year of operation (1972-1973), half of the first 
grant was carried over to be combined with a second grant of $180,000 
from Environment Canada. In the first two years of operations, 
Environment Canada was the only source of funds for Westwater and _ the 
research focussed upon water quality in the Lower Fraser River. 


During 1973-1974, Westwater received a third grant of $180,000 from 
Environment Canada. However, other funding also was obtained, with 
$25,000 received from the Rockefeller Foundation in August 1973 to 
support research on international river basin developments (Ross Dam on 
the Skagit River, Columbia River Treaty between Canada and the United 
States; pollution of the Rhine River, shared by Switzerland, West 
Germany, France and the Netherlands). 


By 1974-1975, the development grant funding from Environment Canada 
was decreased to $157,000. However, funding sources were becoming 
diversified. The first contractual ‘work for Environment Canada 
generated $22,500. A Canada Council grant of $33,360 was received for 
institutional studies regarding the Fraser River. Summer student funds 
from the federal and British Columbia governments allowed students. to 
supplement the staff. In addition, the first funds ($16,000) from the 
province supported a conference, and funds ($10,690) from the Vancouver 
Foundation allowed continuation of a lecture series which had _ been 
initiated with earlier Environment Canada funding. 
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The year 1974-1975 also was significant in that the University of 
British Columbia began to fund the core staff at Westwater with $10,197. 
In 1975-1976, the University increased its core funding to $60,870, 
which was the beginning of a financial arrangement under which core 
staff held joint appointments in Westwater and an academic department. 
By 1984-1985, the six academic core staff each had a portion of their 
salary ranging from 25 to 80 percent provided through Westwater with the 
balance coming from departments or schools as diverse as Law, Community 
and Regional Planning, Civil Engineering, Forestry, Soil Science, and 
the Institute of Animal Resource Ecology. It has been suggested that 
“the continuing commitment of the University to a core capability has 
been a major factor in determining Westwater's success” (Dorcey, 
1985, 2). 


During 1975-1976, the Lower Fraser Pollution Control Program, which 
had been the major activity funded under the Development Grant program 
of Environment Canada, came to a conclusion. A new initiative focussed 
upon coastal resource management, with particular regard to estuaries. 
By 1976-1977 the funding from Environment Canada fell to $88,000, and 
support from the University increased to $93,000. In that year, $40,000 
provided by the Rockefeller Foundation facilitated further research on 
the management of international rivers. 


The next year was devoted to preparing a major proposal to Canada 
Council for a negotiated development grant to support an integrated set 
of natural and social science studies on coastal resources. This 
proposal was unsuccessful, and led to some fundamental decisions 
regarding the type of research Westwater would pursue. As the Assistant 
Director (Dorcey, 1985, 2) explained: 


"It was at this point that we concluded that we would 
never be able to convince the Councils to fund applied 
public policy research that integrated both the natural 
and the social sciences (this. has continued to be our 
experience with several subsequent submissions to NSERC 
and SSHRC). We decided that we would have to adopt a 
strategy of piecemeal funding the components wherever 
possible and then integrating them as best as possible 
as part of the conduct of the research. This is why 
you see a more diverse program and variety of funding 
sources in the years following”. 


This recognition of restraints upon funding for interdisciplinary 
and/or non-traditional research activity also led to termination of a 
quarterly newsletter and the annual Westwater Lectures Series. These 
highly successful extension activities had been conceived as mechanisms 
to inform managers and the general public about the results and 
implications of research at Westwater. However, despite the occasional 
special newsletter and one further lecture series, the Centre had to 
rely upon its own publication series as well as publishing in journals 
to disseminate research findings and conclusions. 
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Funding from Environment Canada continued, but on a decreasing 
level of support: $88,000 in 1977-1978; $60,000 in 1978-1979; and 
$22,000 in 1979-1980. Funding from the Inland Waters Directorate 
continued to trail off and after 1982-1983 Westwater stopped applying 
for support. At the same time, other sources were pursued. Projects 
and funding sources became diverse: mariculture research supported by 
British Columbia; pollution control in the Fraser River with funds from 
the National Research Council; international water management in Africa 
under the Ford Foundation, Rockefeller Foundation and Resources for the 
Future; environmental regulations for the Economic Council of Canada; a 
training and research program in Peru through the Canadian International 
Development Agency; the continuation of coastal and northern research 
programs supported by a variety of sources including the Max Bell and 
Donner foundations. 


A key point which emerges is the time and effort which the staff at 
Westwater devote to the discussion, preparation and presentation of 
research proposals starting in the mid 1970's. Since rarely would one 
funding agency consider an application which was applied, policy- 
oriented, and interdisciplinary, many smaller proposals had to _ be 
prepared which addressed the mandates or interests of sponsors. When 
some of the proposals were not funded, then it became difficult for the 
pieces to be integrated. 


Notwithstanding the continuous tension created by the need to 
obtain funding, Westwater has been one of the most successful of the 
research centres which were started in the early 1970's by seed money 
provided through the Inland Waters Directorate of Environment Canada. 
It continues to operate an active and sustained research program, 
whereas other initiatives such as the Agassiz Centre at the University 
of Manitoba have been closed. Westwater has received substantial funds 
from the federal and provincial governments, private firms, and 
foundations. Its publication program has been substantial, with some 18 
books and 28 reports listed in its publication guide. In addition, 
numerous chapters in books and articles in periodicals have been 
published by the researchers at Westwater. 


On the other hand, a question remains about the instability and 
uncertainty associated with funding. A significant consequence is that 
a very talented team of researchers is placed in a position in which a 
substantial portion of their time and effort is devoted to 
administrative and fund-raising efforts, rather than to the actual 
conduct of research. In the long-term, the consequences of this type of 
situation could be substantial and serious. 


Chapter 3 
ISSUES AND CONCERNS PERCEIVED TO INFLUENCE RESEARCH EFFORT 
3.1 INTRODUCTION 


The intent of this chapter is to focus on the subjective response 
information obtained during the study. The current arrangements and 
level of effort were presented in Chapter 2, whereas the focus of this 
chapter is primarily to summarize the perceptions of pertinent aspects 
of water resources research as currently being carried out in Canada. 


3.2 SUMMARY RESPONSES DERIVED FROM THE QUESTIONNAIRES 


The most interesting findings related to the subjective aspects of 
the questionnaire are described below. 


See | Continuing Education Issue 


Concerns with the need for continuing education were those 
mentioned most frequently in the questionnaire responses. Historically, 
one successful means by which professionals updated their knowledge was 
through the hiring of new employees. The transfer of technology then 
occurred by the working association. However, the opportunities for 
hiring, apparently,in all sectors of employment (government, private and 
university) appear limited with the likelihood that this mechanism for 
continuing education opportunities is becoming very limited. 


At the same time, opportunities for attending conferences and 
continuing-education short courses have been extensively curtailed 
because of budget limitations. Some professionals are attending at 
their own expense but obviously this is not an option available, nor 
supported by all. The awareness of “who is doing what" and “who to 
contact to find out the latest specifics on research” is thus. being 
seriously curtailed. 


Some programmes exist for upgrading of technicians but’ such 
opportunities for professionals are very limited. Individual 
professionals are generally not in a position for retraining themselves 
by, for example, taking time off without pay. The concern with 
obsolescence and need for continuing education was extremely widespread. 


Unless the results of research reach users quickly, ina readily 
usable form, their value is limited. Further, unless research results 
are known to other researchers as soon as_ possible, unnecessary 
duplication of effort is possible. Thus, transfer of technology 
problems and communications must be addressed. 


Several possibilities exist to overcome aspects of the problems 
with continuing education but none are likely to succeed unless_ some 
initiatives currently not in place, are enacted. The initiatives 
include: 


(a) to have sabbatical opportunities provided for industrial and 
governmental people. These sabbaticals may involve one of a series of 
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initiatives including individuals receiving term or year-long 
appointments to universities. 


(b) to have increased offerings of short courses. Because of Canada's 
limited population and high travel cost, one scenario suggested was to 
use the EPA model where the short course instructors offer the course in 
a series of locations. The fees in these courses are minimal, with the 
fees and transportation/living costs of the instructors being 
underwritten by EPA. 


(c) it is not apparent that universities are currently well organized to 
give “re-treading”, but this should be changed. 


3.2.2 Changes to Improve the Capacity of Federal Programs to Respond 
to Changing Priorities 


The question related to the changes that should be made to improve 
the capacity of federal research programs to respond to changing 
priorities elicited considerable response. 


Federal employee responses encompassed the range from difficulties 
associated with “inhouse” organizational problems, to how inhouse 
research programs might be enhanced by improved communication with 
professionals outside the government. 


Specifically: 


(a) “the growth of bureaucratic demands on scientist time should 
be limited” and “recognize research as a legitimate government 
activity and not something to which only lip service is given” 
are two representative comments made by federal research 
scientists that express’ strong, but fairly widely-held 
opinions; 


(b) resource allocations have been made simply on ‘regional 
parity', rather than on proven competence and performance 
excellence. This response expresses one element of the 
important trade-off between centralization and regionalization 
of federal resources. 


(c) there should be an improvement in the use of post-doctoral 
fellows as a means of increasing numbers of professional staff 
to carry out the research. Reduced resources available to 
federal groups have almost eliminated use of post-doctoral 
fellows. 


(a05 4 large portion of research should be ‘market-driven’. 
Secondment arrangements with industry and universities should 
bring a team of professionals together to address a_ specific 
priority for a specific term. 


All of these comments would appear to have merit for making changes. to 
the existing system. 
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Jeter Changes to Improve Coordination of Federal Programs 


This question also elicited widespread response, with 
differences in opinions expressed in response to category of employment. 
From the federal sector, the comments included: 


(a) A coordinating mechanism among federal departments should be 
established, not to direct research but to provide guidance 
and leadership. University representatives were suggested as 
potentially being involved. 


(b) There is inflexibility in resource allocations within the 
federal sector. There is overlap and, even worse, partially 
complete research efforts because departments are unwilling to 
transfer money or manpower to research programs outside their 
control. This criticism relates back to an oft-expressed 
concern that promotion in the federal sector is related to the 
Pyramidal structure of people beneath them - if money is 
transferred out or remains unspent, then changes may be made 
to restructure a group's organization. 


(c) another comment that is distressing in some respects is “don't 
expect private consultants to do research from federal 
funding. Let them do the short-term applied work for which 
they are organized”. This comment shows a strong bias on the 
part of federal reserchers, and to some extent, a shortcoming 
of the structure of the organizations of private consultants. 
This funding allocation is certainly dramatically differen: 
from the U.S. approach which has extensive research being done 
in the private sector - the question then arises “whether the 
consultants' structure is the result of the funding” or “is 
the lack of funding provided creating a structure capable of 
doing only short-term applied work” (if the latter structure 
actually is the situation). 


With a large organization, it is difficult to identify changes that 
should be made but, regardless, frequent comments were made that argued 
for enhanced flexibility at a minimum. 

Consultants' comments on this issue include: 


(a) an 'on-line' record of ongoing research activities cross-referenced 
by agency, topic, principal researchers, disciplines, funding source, 
etc. should be established. This comment relates to enhanced needs for 
communication. 

(b) there is a need for a national institute to develop long-range 
viewpoints. Presumably, this function should be provided by the 
existing NWRI and NHRI but, at least to some extent, this role is not 
functioning. 

(c) some obvious dissatisfaction with decision-makers within the 
federal sector (presumably those associated with deciding the recipients 
of research funding). The comments included “decision-makers are 
normally out of touch with reality” and "fire the dinosaurs”. Whether 
these opinions are valid is unknown but the simple fact that the 
comments were made shows dissatisfaction that warrants some 
consideration by the federal sector. 
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Consultants and university personnel comments included: 
"Stop changing people's jobs every two years into new positions they 
know nothing about”. The “all-too-frequent™ response of federal 
researchers is that since they have only been in their position for x 
months, they don't know what is going on. 


3.2.4 Time Durations Before Appearance of Research Results 
A major difficulty with existing research is the time required 


before improvements are derived. The considerable time-lag occurs 
because the following occurs: 


(Gl). an individual recognizes a need; 

(Giet®) research work is done; 

Cttt) the results are published; 

(iv) with appropriate findings, the media publicize the work; 
(v) political pressure is developed; and, 

(vi) Treasury Board approves financing. 


In the cases of toxicology and acid rain, steps (i) through (vi) 
required ten years. As a follow-up, to actually observe an improvement 
in the environment, a number of additional years are required. For 
example, it was another 25 years, for a total of 35 years, before 
significant improvements in lake eutrophication of Canada's water bodies 
started to become apparent. 


In a quest for reducing the time duration before the appearance of 
the results of research, it appears that a new approach must be adopted. 
Current procedures for funding tend to promote research by committee. 
Psychologists have found that only one member of a committee needs to 
speak strongly to “sink” a _ proposal; thus, “arrogant upstarts” 
suggesting radical ideas tend to be suppressed and yet it may be a 
radical idea that will provide a significant breakthrough. 


An approach to possibly preventing the difficulties discussed above 
is to create a new set of managers. This set of managers of research 
would have a specific budget set aside to fund research that has a risk 
of “not going anywhere”. With the current system, managers are afraid 
of being wrong and tend to practice “safe” science. The opportunity of 
a “super” group with risk capital entails a potential mechanism for 
discovering breakthroughs while accepting the knowledge that some 
failures will occur. Such a “portfolio” approach may provide 
opportunities to decrease the duration for research results to be 
developed. 


3.2.5 Duplication in Government Efforts 


Although some duplication in research effort funded by the federal 
government was acknowledged, the survey responses indicated that such 
duplication as exists, is beneficial. The consequent checking-of-results 
and degree of competition that arises from such duplication is 
favourable. 
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On the other hand, some strong criticisms have been levelled at the 
current operational mode viz, “as a result of federal policy on research 
funding, research on Canada's water resources in general .... has become 
monopolized by government scientists” (Great Lakes Institute, 1984). As 
well, research efforts dispersed across Canada, instead of being carried 
out in a few centres, increases the awareness of local issues and 
benefits local economies -- although there are numerous detractions from 
decentralization policies. 


3.2.6 Need for Inter-Group Research Efforts 


In many cases the scientific investigator's research options are 
narrowly defined in accordance with departmental mandates and current 
bureaucratic organizational frameworks. In such circumstances it is 
unreasonable to expect environmental scientists to be very effective at 
producing meaningful information issues that are interagency, 
interdepartmental, interprovincial and international. 


Competition between water uses is not only growing but the 
potential for more serious conflict between uses is inevitable. These 
concerns must be reflected in future research funding policies, to 
reflect the need for greater inter-group research efforts. 


Sela Age-Distribution of Researchers 


Government policies to curtail in-house research have meant that 
few new professionals have been hired over the past decade, into 
government research groups. The average age of professionals in the 
public service has consequently increased during this time with the 
average age now being approximately 47. New professionals are not being 
added to the public service in sufficient numbers for the _ research 
institutions to benefit from the normal transfer of knowledge from older 
to younger staff, mor for the older staff to learn of new developments 
from the younger staff. 


In combination with the cutbacks in opportunities for retraining, 
and attendance at conferences, the result has been an undermining of the 
feelings of self-worth and mission that the public service had in the 
1950's and 1960's. Because of the relatively-young average age of 
professionals, the concern expressed so frequently in the survey of 
pending obsolescence is a very great problem which, without a change to 
the existing structure, will be a problem for many years into the 
future. 


It should be noted that in the context of aging researchers, 
programs such as the Canada Works program accomplish little. Although 
useful for providing resources for “legwork”, little contribution to 
“heavy thinking” occurs. 


3.2.8 Termination of Data Collection Efforts 


Data collection efforts provide an essential element of research 
studies. However, data collection programs have the characteristic of 
continuing in perpetuity. The decision-making system to identify when 
data collection efforts should be terminated, is not generally 
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available. If, for example, a saving of 100 person-years were to be 
created by the introduction of a new piece of data collection equipment 
or the identification that the collection efforts should be terminated, 
the loss of the person-years would probably create a down-grading of a 
boss's job. A considerable resistance to such changes thus develops. 


3.2.9 The State of Canadian Journals Dealing with Water Resources 


In response to the question asking whether Canadian researchers are 
happy with Canadian journals, the response was “yes”, which is a good 
testimonial to the sophistication and quality of the existing journals. 
It appears that individual researchers are not likely to increase their 
publishing significantly in Canadian journals since there is a_ limited 
audience, and particularly, little recognition at an international level 
arises from technical papers published in these journals. As well, most 
Papers are published where the author(s) feel most of the targeted 
readership lies. The result is that a continuation of the existing 
effort in Canadian journals is appropriate to upgrade and improve but 
no expectation of large changes in operational mode should be expected. 


3.2.10 Priorization of Major Constraints on Research Productivity 


Of interest was an identification of the major constraints on 
researcher's productivity - shortage of funds, time, shortage of 
personnel, shortage of technicians, inadequate space, inadequate 
equipment, other (7). 


Rankings as indicated by university researchers, by no means 
unanimous, were (a) funding, (b) time and technical personnel, and (c) 
space and lab equipment. Additional comments received that indicate 
important concerns include: 

(a) “significantly large amounts of funds need to be committed for 
three to five years at a time to allow one to offer satisfactory 
employment to competent research associates”. A related response 
frequently made was “many students and funds are available but the 
need is for people (with experience) to supervise the day-to-day 
work”. 


(b) “freer access to the equipment and facilities at government labs 
would greatly aid university researchers”. This opportunity would 
appear to be a valid consideration to be explored. 


(c) increased funding would allow solving any of the above-mentioned 
problems. However, some responses were very strongly worded 
including “all of the above are priorities. We are starving - if 
we were mildly undernourished, priorities might be established”. 
This type of comment typifies the very emphatic attitudes of 
Numerous university researchers. 


Ranking by government researchers were (a) professional personnel, 
(b) technical personnel, (c) funding, (d) equipment and space. 
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3.2.11 Proposal Preparations by Researchers 


The responses to the question asking how many proposals were 
written and the major reason why more proposals were not written 
provided some interesting responses on the state of water resources 
research in Canada. This question was directed specifically at 
university professors to better identify existing constraints on 
research levels and how changes to existing funding levels might change 
the , system. Responses provided an interesting set of insights, 
including: 


- “the bureaucracies of the funding agencies versus the monies. they 
have to award make the exercise hardly worth the effort”. 


” 


- the administration of small projects takes excessive effort”. 


- “problems of time between notification of grant programs and 
deadline of submissions were not sufficient to prepare properly”. 


- "I had more work than I could do, without making any more 
proposals”. On a similar note, "I did not submit more proposals 
because of limits on my time and the absence of support personnel”. 
For active researchers there are apparently many constraints on 
time that could be alleviated by the addition of professional 
support personnel who could assume some of the supervisory role of 
research. 


As for numbers of proposals prepared and funded, a great 
variability was readily apparent from the questionnaire responses. Some 
researchers reported a very high success rate on proposals submitted - 
it appears that the individuals who themselve are very good/well- 
connected to scientific contract officers, prepare good proposals, have 
high acceptance rates on proposals and very active research programs. 


3.2.12 Attitudes Toward “Buy Out" by University Professors 


Significant interest is being expressed by some university 
researchers in the opportunity to “buy out" from some of their teaching 
tasks. The intent is that research money is used to hire other 
individuals to assume some (but not all) of the teaching 
responsibilities. The pros to such an opportunity include freeing some 
time for the professor to devote greater time to research and the 
opportunity provided to bring additional personnel into the university 
environment, albeit for a limited tenure. 


The cons to the buy out policy include the potential for abuse by 
excessive utilization of the buy out procedure and the potential for 
inappropriately prepared and/or committed individuals to be involved in 
teaching. 


The response to the question posed in the questionnaire resulted in 
26 in favour and 12 against the buy out procedure. As a result, there 
is majority support which indicates that the policy should be considered 
-- the policy cannot be a success, however, unless changes are made to 
the existing funding guidelines of most funding agencies. 
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Professors need to illuminate their teaching with their own reserch 
experience and the most productive researchers should also have _ the 
opportunity to train tomorrow's researchers. 


3.3 SOME SUMMARY FINDINGS 


The subjective aspects related to water resources research 
discussed in this chapter are far-ranging and to some extent represent 
elements of a “wish list”. Regardless, the information summarized 
should be carefully evaluated since there are some important messages 
contained herein. Some changes would be easily enacted, whereas others 
would represent major adjustments from current operational modes. 


The intent herein is to indicate below some fairly specific changes 
that should be given very serious consideration: 


(i) communications between professionals should be enhanced. Such 
enhancements may assume many forms but should include: a 
catalogue indicating sources of funding to improve the 
awareness of researchers of the existing sources and 
objectives; secondly, improvements in indicating who is 
undertaking various types of projects, with contact addresses 
and phone numbers; improvements in data management and 
availability should be made; 


Crt) a great need exists for programs directed toward the 
retraining and continuing education of research professionals; 


EGER) a water resources research advisory committee should be formed 
to develop statements of needed research, on a regular basis; 


(iv) some “risk” funding to support research that may provide 
significant breakthroughs should be created. As a part of 
such a structure, supervisory professionals should not be 
“hauled upon the carpet” when failures do occur; 


(v) as related to university funding of research, additional long- 
term funding is needed to increase opportunities for full-time 
researchers. Such individuals could assume some of the 
supervisory effort of graduate students, could learn from the 
ongoing research as well as provide employment opportunities 
not currently available; 


(vi) consideration should be given to increasing federal assistance 
perhaps on a matching grant basis, to increase the research 
expenditures being made by the private sector. 


Chapter 4 
PRIORITY AREAS FOR FUTURE RESEARCH 


4.1 INTRODUCTION 


During the public hearings, the workshop and the review of 
pertinent material, a broad array of research needs was identified. 
These , needs ranged from general concerns with pollution, flooding and 
water supply, to very specific concerns such as farm-related 
contaminants into water bodies, peatland water resources, river ice 
processes, estuary hydrodynamics to freshwater in the boreal plains. In 
this chapter the focus is upon those water research needs which are of 
national significance and therefore of concern to _ the federal 
government. 


4,2 PRIORITY RESEARCH NEEDS 


On a regional basis, Atlantic Canada appears to have been least 
well served regarding water resources research by the federal 
government. No national research institutes, nor affiliated branches, 
are located in Atlantic Canada. In contrast, other regions of the 
country have at least a branch of a national research institute located 
in, their .area,. Thus in substantive terms, Atlantic Canada _ should 
receive at least a regional research office. British Columbia now has a 
branch of the NWRI. It has been reported that the branch will be 
transferred to Saskatoon when the new building for the NWRI is 
completed. If that occurs, British Columbia will be without a regional 
research centre and may find that some of its regional needs are not 
satisfied. 


Regarding major water-related problems, a number of issues remain. 
While inventory and monitoring programs exist, there still is not an 
adequate understanding of the basic nature of the water resources. 
Initiatives in this area often will have to be pursued in cooperation 
with the provinces, but the goal should be to steadily expand and 
upgrade inventory and monitoring networks so that the quantitative and 
qualitative aspects of the water resource are more clearly defined. 


In addition to improving our descriptive knowledge of water, effort 
is needed to improve our functional knowledge, especially with regard to 
the following topics. Groundwater deserves much more attention. In 
addition to improving technical knowledge of groundwater resources, 
there is a need to clarify the legal and economic considerations related 
to groundwater. 


Water diversions or transfers also deserve attention. While public 
attention often focusses upon the possible impacts of international 
transfers, many transfers already have been implemented within Canada. 
Quinn (1981, 68) identified approximately 60 water transfers scattered 
across nine provinces, the majority developed for hydropower generation, 
with irrigation, flood control and municipal uses assuming some 
importance at a regional scale. That number provides a substantial base 
of experience from which to analyze the environmental, economic and 
social impacts of transfers. Improved understanding of those 
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experiences should be invaluable as the possible impacts of transfers in 
the future are considered. 


Water quality attracted the most water resources research effort in 
the 1970's and early 1980's, and will continue to be a major issue in 
the future. Increasingly-sophisticated monitoring equipment is allowing 
identification and measurement of pollutants which in earlier decades 
could not. be traced. The continued monitoring of these pollutants, 
especially in interjurisdictional water bodies, will continue to require 
vigorous federal reserch effort. Disposal of toxic wastes represents a 
particular problem with extensive implications for water quality, given 
the possibility of leakage and migration of such wastes from underground 
storage sites. Since leakage or migration of toxic wastes poses a 
potential threat to water supplies, research focussing upon handling and 
storage is necessary. Given the serious implications of acid rain for 
regional economies combined with the international dimension of the 
issue, the federal government also should continue to maintain an active 
research program so that Canadian negotiating teams can be supported by 
the strongest possible evidence. 


Environment Canada (1983, 41) estimated that as many as 200 
communities across the country have potential flooding problems. The 
National Flood Damage Reduction Program introduced in 1975 has given a 
strong incentive toward developing a more balanced approach using both 
structural and nonstructural adjustments. Given the fairly recent use 
of nonstructural adjustments, further research is required. Priority 
areas of research could include the impact of floodplain designation on 
property values as well as the conflict between realizing flood damage 
objectives and the preservation of heritage structures located on 
floodplains. While these types of issues do not have the profile or 
visibility of international water transfers or acid rain, they are more 
likely to impact directly the day-to-day living of individuals. Thus, 
federal research activity should attempt to achieve a balance among 
these various types of issues. 


Many submissions to the Inquiry called for more attention to demand 
management. As this is still a new concept and therefore either not 
understood or else misunderstood by many people, the federal government, 
in cooperation with others, should take a lead role through its research 
program to identify and clarify options in demand management. This area 
also is an excellent candidate for the development of demonstration 
programs and projects which would facilitate public understanding of 
demand management as well as permit systematic assessment of the 
effectiveness of some of the strategies (Tate, 1981, 164-166; Mitchell 
and Robinson, 1984). As demand management can have implications for 
residential and industrial water supply, irrigation systems as well as 
wastewater treatment systems, it should be given high priority in a 
federal research program. Furthermore, if demand management is to be 
developed, a parallel effort is required to improved demand forecasting 
models. 


In the submissions to the Inquiry, it often was argued that many 
water problems such as non-point source pollution have their basic 
causes in associated resource systems. Consequently, there is a_ real 
need to strengthen research efforts which cut across resource sectors 
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and also cut across the mandates of various federal government 
departments. One of the motives behind the creation of Environment 
Canada was to place responsibility for renewable resources within one 
agency. While that was done, there is evidence that the various 
directorates or services often “go their separate ways” in the 
conception and implementation of research activity. If some of the more 
complex and enduring water problems are to be resolved, more research 
activity must be designed to draw upon the skills of investigators in a 
variety of agencies. Simultaneously, granting organizations should 
alter their procedures to better accommodate applications for 
interdisciplinary, policy-oriented studies based in universities and the 
private sector. 


4.3 MAJOR THEMATIC NEEDS 


In Section 4.2 needs were discussed with reference to different 
substantive water issues. In this section, research needs of a more 
general, or thematic, nature are identified. 


4.3.1 Efficiency of Water Use 


Although Canadians are extremely fortunate in the water resources 
generally available, there are both regions of _ shortages and 
considerable potential economies which could be realized through 
increased efficiency of water use. Research is needed to identify more 
effective ways of using water for a variety of purposes including 
domestic, industrial, agricultural and hydro electric use. This concern 
with efficiency should also lead to much more attention in research to 
analyzing alternative demand management strategies, as was discussed in 
section 4.2. 


4.3.2 Estimating Impacts of Water Development 


An improved capability is required to quantify the impacts from 
water-related development. Work is especially needed with respect to 
both ecological and social impacts which cannot always be measured in 
dollar terms. 


4.3.3 Incorporating Risk and Uncertainty 


Better procedures are needed to accommodate the presence of risk 
and uncertainty in water management and development. In water resources 
development the unavoidable existence of a probability of failure 
requires improved methodologies to reflect the trade-offs between 
benefits, costs and risk elements. 


4.3.4 Conflict Resolution 


Since there are many, and often conflicting, legitimate values and 
interests associated with water management and development, research 
concepts and methods which could contribute to resolution of conflicts 
would be very valuable. Over the last decade there has been an 
emergence of research focussed on conflict resolution but involving a 
variety of approaches (gaming, bargaining, and environmental mediation). 
There is a need for work which integrates these different approaches and 


67 


contributes to the drawing together of both qualitative and quantitative 
information. 


4.3.5 Integration of Engineering, Natural Sciences and Social Sciences 
Analyses 


Another type of research needing support is work integrating 
engineering, natural science and social science research. Existing 
funding organizations do not easily handle research proposals which cut 
across disciplinary or professional boundaries. A systematic review of 
policies and procedures used by the major funding agencies to deal with 
interdisciplinary research is needed, as researchers have expressed 
considerable frustration and disappointment with current arrangements. 


4.4 AN ADDITIONAL CONSIDERATION ABOUT RESEARCH NEEDS 


It should be emphasized that there are literally thousands of 
legitimate water research projects which can be identified and 
justified. However, in this chapter, attention has been directed to 
research needs of a more strategic nature. From each one of _ the 
strategic areas, a host of individual research projects could be 
developed. The criteria for selecting priority research needs here has 
related to issues deemed to be of national significance, pertinent to 
the federal government. 


For those interested in a detailed inventory of possible research 
topics, both by water sector and by region, the report by LeFeuvre 
(1984) provides an extended and detailed list. 
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Chapter 5 
A STRATEGY FOR WATER RESOURCES RESEARCH 
5.1 INTRODUCTION 


Having reviewed research trends and patterns, and examined issues 
and concerns, it is appropriate to consider what might be the components 
of ‘a strategy for water resources research in Canada. Several general 
observations are necessary. First, while a primary purpose is to 
indicate the federal role in water research, that task cannot be 
approached in isolation from the potential role of other groups) and 
interests. As a result, an objective here is to define the 
characteristics of a national strategy, and then to indicate the role of 
the federal government within such a Strategy. Second, it is recognized 
that any strategy will have to accommodate at least two components: the 
substance of research and the process of research. Third. »iteete 
appreciated that a number of alternative strategies is available. Each 
has strengths and weaknesses. None is perfect. As a result, an 
objective is to identify alternative Strategies and their relative 
merits. And fourth, it is acknowledged that the feasibility of any 
strategy is related to the funding which is provided. 2S eat as 
important that attention be given to the level of financial support for 
water resources research in Canada. 


5.2 THE COMPONENTS OF A NATIONAL STRATEGY 
ect Nac Bit or Sn A De ts acct 


If a national strategy for water research and related scientific 
activity is to be developed, a number of basic functions must. be 
fulfilled. An adequate inventory of water resources regarding both 
quantity and quality is needed. If trends and patterns are to be 
identified, systematic monitoring must occur. Inventory and monitoring 
are needed to provide basic descriptive knowledge of the water resource. 
Other activity must occur if functional knowledge or understanding is to 
be realized (Dorcey and Hall, 1981, 7-13; Dorcey, 1984, 2-5). 


Functional knowledge can be developed in several ways. Desk 
analysis involves the examination of existing information with regard to 
given problems or issues. It also will be used in the assessment of 
policies, programs and projects and is frequently relied upon in social 
science research. Experimental research involves the testing of cause- 
effect relationships, often in laboratory settings. This research 
usually is associated with the natural, life and engineering sciences. 
Experimental management may be combined with or follow from desk 
analysis or experimental research. The purpose is to explore on a 
constrained scale some of the implications of the functional knowledge 
which have been developed. 


If research is to be supportive of water management, the stage of 
experimental management should be a key component of any national 
strategy. However, two other components also are needed. Technology 
transfer should be an explicit part of a research strategy. In other 
words, if research is to contribute to resolution of societal problems, 
resources must be provided to facilitate the development of new ideas to 
the stage where they can be adopted by potential users. Another 
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important component is education and training. Research not only should 
contribute innovative ideas and products but also should serve as a 
vehicle to educate future investigators as well as to help current 
researchers improve their skills and talents. 


Thus a national strategy for water resurces research and related 
scientific activity should have the following seven components: 

(1) inventory 

(23) monitoring 

G3.) desk analysis 

(4) experimental research (laboratory and field) 

(5) experimental management 

(6) technology transfer 

(7) education and training 


5.3 CRITERIA FOR ASSESSING ALTERNATIVE APPROACHES 


While there is strong support for a significant federal role in 
water resources research, it is important that any such research effort 
be managed as effectively as. possible. In that regard, explicit 
criteria help to identify the relative merits of alternative approaches. 
Five criteria are used here to facilitate a review of alternatives, 
namely: 

(1) coordination 

(2) efficiency 

(3) anticipatory 

(4) user-responsiveness 

(5) balanced perspectives 


Coordination of research effort at a national scale is probably the 
most important criterion, given the distribution of research effort 
among and within many organizations. If "care must be taken not to 
fragment the effort” (Canadian Water Resources Association, 1984, 17), 
then both research’ effort and activity across the nation and among 
various sectors need to be integrated and coordinated. Without such 
coordination, there never will be an optimized national research effort 
whose benefits should, and can be, greater than the sum of the 
individual parts. 


Efficiency also is a key concern, even accepting that many of the 
products or services from research are of an intangible nature and 
therefore difficult to treat in benefit/cost or other quantitative 
terms. Nevertheless, even if efficiency of research cannot be always 
measured directly in quantitative terms, awareness of this criterion can 
guide a more qualitative review and direct attention to more obvious 
instances of duplication and overlap. 


A national strategy should stimlate anticipatory research. As 
Ayles (1984, 2) explained this concept, anticipatory research has a 
mission orientation but not in the sense that it is striving toward 
solution of a particular problem which is widely apparent. In contrast 
to that latter type of work, anticipatory research “is directed toward 
the research of the future. It should be aimed at providing distant 
early warning systems for the future “dioxin problems” and “acid rain” 
problems”. 
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A key element of anticipatory research would be encouragement for 
investigators to tackle the really complex and difficult problems. Too 
often, the present system provides a disincentive for addressing 
difficult problems. As Cardy (1984, 2) observed, “where results count, 
where output is measured and solutions are required, it may appear more 
rewarding to go after the easier problems rather than those that may 
remain insoluble”. Thus, a system is needed which provides incentives 
for futures-oriented research which addresses the really difficult 
problems and may not always be “successful”. 


Expressed in another way, there is a need to encourage’ research 
which is of a high risk nature in the sense of not providing immediate 
and direct results. As Wright et al (1984, 5) observed in their report 
dealing with technology development in Canada, encouragement of high 
risk research is not readily given since “in government, SDiGis 
acknowledgement of failure is often postponed as long as_ possible. 

--Public servants and their political masters are, by nature, risk- 
averse; research and development, by its very nature, is an exercise in 
the management of risk. It is not a promising combination”. 


Some tension will occur between anticipatory research and research 
which is user responsive. User responsiveness requires that a portion 
of research effort should relate directly to the needs of users, whether 
these be government line agencies or the private sector. For this to 
occur, there must be much more interaction between the researchers and 
the managers or users. In this regard, Dorcey (1984, 1) has argued that 
the most fundamental question has often been ignored - “how can we 
design a _ process for setting research priorities so that they better 
meet the needs of water resources managers?” 


The final criterion outlines the need for balanced perspectives in 
research. A mechanism is required to ensure that appropriate attention 
is directed to technical, economic, social and environmental aspects of 
water issues and problems. In addition, there is a need to ensure that 
social science research activity is given reasonable weight relative to 
the natural and engineering sciences (Dorcey, 1984, 8; Spence, 1984, 3). 
Furthermore, a need exists to facilitate interdisciplinary and policy- 
oriented studies (Ashton, 1984, 4; Dorcey, 1984, 7; Slivitsky, 1984, 
10). 


Other criteria might be included, and could lead to emphases upon 
different approaches to research. However, in this review, the five 
criteria indicated at the outset of this section will be used. 


5.4 ALTERNATIVE APPROACHES: STRENGTHS AND WEAKNESSES 


A number of alternative approaches which combine the _ research 
components (Section 5.2) and criteria (Section 5.3) are identified here. 
The components and criteria are not used in a matrix-like fashion to 
assess the alternatives, but rather as general guidelines to direct the 
review. It also should be recognized that while the alternatives are 
discussed one by one, several of them could be combined to make a larger 
“package”. 
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5.4.1 Status Quo 


The existing situation is characterized by a strong federal role in 
research, both as a “doer” of research by its own agencies and as a 
“facilitator” of research through contracts and grants to _ others 
(universities, and the private sector). A basic inventory and monitoring 
program is in place, and a range of desk analyses, experimental research 
and experimental management occurs. Education and training is supported 
through block grants to the provinces for post-secondary education, and 
by research grants and scholarships to faculty and students. However, 
upgrading and re-training of scientists within the federal system is not 
easily handled. Technology transfer is in a stage of infancy, with only 
a few well supported demonstration and transfer programs (such as_ the 
demonstration project for sludge incineration being funded by the 
Wastewater Technology Centre). 


Given the number of participants distributed among many 
organizations involved in _ research, a need exists for improved 
coordination to ensure that effective use is made of the research talent 
available within the country. No effective mechanism seems to exist to 
coordinate water resources research at a national level. In the 
interests of efficiency, . laboratories and other research activity have 
been centralized during the past years. This centralization has 
generated concern for some that water problems in some regions are 
neglected. Due to the regulatory mandates of the lead water agency, 
Environment Canada, much of the research effort is directed by the 
program needs of line agencies. Relatively little anticipatory research 
can be done within the federal government, and as the water research 
funds available to the universities were sharply cut in 1979, - 
anticipatory research is at a modest level there as well. A balanced 
perspective in research is still being sought. A relatively small 
social science research effort exists, although there is some fine work 
occurring at selected places in the country. Proposals for 
interdisciplinary, policy-oriented work conducted outside of the federal 
government expertfence difficulty in obtaining funding due to the 
structure of funding or granting agencies. 


Thus, while water-related research of international calibre occurs 
in Canada, the current system is not perfect. The alternative 
approaches discussed below do not imply a discarding of much of what is 
being done at the moment, but rather indicate some modifications of 
institutional arrangements as well as suggest changes in some basic 
values which appear to guide the management of the water management 
process. 


5.4.2 National Water Research Committee 


If it is accepted that a national strategy is needed which 
integrates the talent and effort in the federal and provincial 
governments, universities, private sector, and interest groups, and if 
it is also accepted that water management in Canada involves many 
activities (data collection, research, planning, mediation, regulation, 
control, development), then the suggestion for a National Water Research 
Committee is appealing. 


Creation of such a Committee would require significant federal 
initiative since the federal government is the one organization in a 
position to identify and to deal with the range of possible 
participants. The establishment of such a Committee would also be an 
explicit statement by the federal government that federal and national 
water strategies are not identical, that the provincial governments have 
an explicit role in shaping a national policy, and that water research 
should be linked to water management and development questions. 


The National Water Research Committee would serve as a mechanism to 
identify and begin to coordinate research needs in various regions, 
sectors and professions/disciplines across the country. By bringing 
together individuals representing a variety of perspectives, it could 
begin efforts to ensure a balanced perspective in research, to strive 
for user responsiveness, and to ensure more anticipatory research. ite 
also could identify opportunities for technology transfer as well as 
education and training. 


Such a Committee would only be viable if it were given a mandate 
and the financial resources to ensure that it had some leverage to 
influence action. If it were created as only an advisory group, it 
would run the risk of being ignored by the vested interests which 
already create some of the stumbling blocks to more effective use of 
Canadian research talent. Such a Committee should be established with a 
“sunset” clause to ensure that its effectiveness would be reviewed 
regularly. } 


5.4.3 Federal Committee for Water Resources Research 


Simultaneously with the creation of a National Water Research 
Committee, the federal government should establish a group to address 
the integration of federal water research efforts. At the moment, 
individual departments, ministries, services or directorates have 
research committees but no one group is responsible to review the water 
research effort for the entire federal system. The Interdepartmental 
Committe on Water does not, and cannot fulfill that role, since it does 
not meet frequently enough, does not have enough “researchers” among its 
membership, and too often serves primarily to relay information after 
decisions have been taken. Thus, whatever form such a federal research 
group might take, it is considered essential that a mechanism be created 
which can take an overview of federal water research activity in 
aggregate. Without a clearer sense of the ongoing nature of the overall 
federal effort related to water resources research, it will be difficult 
for the federal government to participate in any forum which might be 
established to develop a national strategy. 


5.4.4 National Research Institutes 


In order to realize economies of scale, the concept of centralized 
national research institutes is attractive. Several of these already 
have been created - the National Water Research Institute (Burlington), 
the National Hydrology Research Institute (in Ottawa and scheduled tc 
move to Saskatoon) and the Freshwater Institute (Winnipeg). These were 
established to provide coordination among a number of organizations 
involved in research, efficiencies in provision of sophisticated 
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laboratory equipment, and interaction among scientists working in close 
proximity. These three characteristics are all real benefits. At the 
same time, however, this centralization has led investigators in some 
regions, especially Atlantic Canada, British Columbia and Alberta, to 
question the appropriateness of much of the research conducted in these 
institutes for the problems specific to their regions. 


5.4.5 Regional Research Centres 


To overcome the disadvantages associated with centralized, national 
research institutes, the alternative of regional research centres 
exists. This alternative could be developed in several ways. One would 
be to have a number of regional centres distributed across the country, 
each one focussing upon the issues and problems of its region. This 
option would ensure that regional needs were satisfied, but would lead 
to some duplication of effort for problems common to more than a 
single area. In addition, it would add expense if laboratory facilities 
were to be duplicated in the regional centres. Thus, the ability to 
respond to specific regional needs on an ongoing basis through regional 
centres would incur extra costs. 


Another option would be to have smaller scale regional centres 
linked to national research institutes and/or a national council. In 
that manner, the research common to several regions could be conducted 
at the centralized national institutes where the sophisticated testing 
equipment could be concentrated. At the same time, regional centres 
would provide the flexibility to respond on a continuous basis to the 
needs in individual regions. In a modest form, this approach is in use, 
with, for example branch offices of the National Water Research 
Institute being located in Winnipeg and Vancouver. However, the small 
number of researchers and support staff in these branches makes it 
virtually impossible for them to address the range of problems in their 
regions. Furthermore, regions such as Atlantic Canada do not have a 
Branch and therefore are severely constrained. 


Some of these regional centres could be designed to incorporate 
other related resource problems. For example, many erosion and water 
pollution problems have their root causes on the adjacent’ land 
resources. The regional centres thus could address water problems in 
relationship to associated land-based resources, or build explicit links 
with other existing regional research centres, such as those operated by 
Agriculture Canada. In that context, the following recommendation from 
the Standing Senate Committee in Agriculture, Fisheries and Forestry 
(1984, 13) deserves serious attention: 


"That the Federal Government establish 
Soil and Water Conservation Institutes 
in Western, Central and Eastern Canada 
for the purpose of carrying out applied 
research.” 


In this regard, it is interesting to note that the Standing Senate 
Committee (1984, 14) urged a link between regional research activity and 
a national perspective, and recommended the formation of a “Council on 
Soil and Water Conservation” which would encourage improved coordination 
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and cooperation, aid in the priorization of research and program 
demands, and gather and disseminate information on conservation. 


5.5 LEVEL OF SUPPORT 


Determining the appropriate level of support for water resources 
research and related scientific activity is difficult since much of the 
output is not directly measurable in monetary terms. That problem being 
recognized, several general indicators can be examined. First, the 
general commitment to research in Canada can be reviewed by comparing 
Canadian investment in research and development against other countries. 
Second, at the federal level, it is possible to identify where research 
effort is concentrated. And third, it is possible to consider the 
investment made in water research in Canada and other countries. 


One measure of commitment to research and development is the ratio 
of gross expenditures on research and development and gross domestic 
product. Using this indicator, Wright et al (1984, 3) concluded that 
“Canada ranks low on the scale of industrialized countries - far behind 
the U.S., Japan, Germany, and Sweden”. They found that “in recent 
years, our R&D expenditures have fluctuated between .95 percent and 1.24 
percent of GNP. The range in the countries mentioned above, is between 
two and three percent”. 


This modest rate of funding for research and development is further 
confirmed by Figure 5.1 in which Canada is in the middle rank of OECD 
member countries. However, what Figure 5.1 does not reveal is that most 
countries, particularly Sweden, Germany and Japan, have increased their 
research effort during the past 15 years while the Canadian effort has 
increased relatively little (Statistics Canada, 1984, 20). 


Two conclusions may be drawn here. Compared to other 
industrialized countries, Canada provides relatively modest support for 
research and development. Furthermore, while other countries have been 
increasing their overall level of support, Canada has continued to 
maintain a much more modest level of support. In fields such as water, 


Industrial R&D as a Percent of Domestic Product of Industry, 
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this situation makes it difficult for Canadian research on such topics 
as acid rain to be viewed as credible, since it can be pointed out that 
Canadian inventory and monitoring networks are inadequate. 


Within the federal government, Table 5.1 reveals that the 
Department of Agriculture and the National Research Council are the main 
organizations in research and development, accounting for more than 40 
percent of the $1 billion total (Statistics Canada, 1983, 23). From the 
1984-1985 federal estimates in which it was identified that the 
Department of Agriculture allocated $2.5 million to water research, it 
can be seen that water receives about 1 percent of that organization's 
research funds. 


Table 5.2 shows by 1981 that almost half of the research and 
development conducted by the federal government was performed in the 
National Capital Region, and that over two-thirds of research and 
development expenditures occur in the central provinces of Ontario and 
Quebec. While these figures are for all federal research and 
development activity, they tend to confirm the earlier observation that 
there has been a trend towards centralization of research effort. 


Provincial research and development expenditures are primarily 
accounted for by provincial agencies and provincial research councils or 
foundations. Except for Newfoundland and Prince Edward Island, each 
province has a research council or foundation. Table 5.3 presents 
estimates of regional expenditures during 1981. Just under 40 percent 
of the provincial expenditures occurred in Ontario, and about 60 percent 
occurs in Ontario and Quebec. With the notable exception of Alberta, 
Table 5.3 reinforces an overall pattern of research and development 
activity concentrated in central Canada. 


Regarding levels of support for water resources research in Canada, 
Lefeuvre (1984, 5) indicated that total funding increased to $52 million 
in 1979 from $20 million (1979 dollars) in 1966. This increase in 250 
percent from 1966 to 1979 fell far short of the recommendations by Bruce 
and Maasland (1968) who called for an increase of 20% per year. 


By 1983, the overall funding for water research in Canada was about 
$56 million; when this is compared with the $75 million (1983 dollars) 
expenditure on research in 1979, these results show a 25 percent 
reduction from 1979 levels. 


Comparisons with other nations' support for water resources 
research would place Canadian figures in context. Unfortunately, most 
of the countries which were contacted with a request for such 
information could not provide the desired data. In many cases, the 
negative response reflected the absence of any organization with a 
mandate to take a national overview of water resources’ research. 
Nevertheless, some data are available. 
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Table 5.1 Expenditures on R&D Performed Within 
the Federal Government, by Department 


Department L976. «1977 1978 1979 1980 1981 1982p 1983p 
nae tee ee ie Ok ee 
Agriculture . ~ 107 LS 126 143 £53 178 199 228 
Atomic Energy of Canada Ltd. 60 ay 68 64 69 82 96 106 
Energy, Mines & Resources 48 ao) 66 64 82 107 132 135 
Environment 106 106 60 60 12 84 102 100 
Fisheries and Oceans --- ise Te 67 67 75 85 92 97 
National Defence 54 62 61 59 Ve 78 88 104 
National Research Council 81 89 107 112 129 oe 191 208 
Other a3 72 86 pas 80 99 116 pO ee 
Total 509 556 636 646 737 865 bs f016 1,095 


Source: Statistics Canada (1983, 23) 
p = predicted 


Note - while it appears that beginning in 1978 Environment 
experienced a decrease in expenditures on R&D, that pattern 
reflects the splitting away of Fisheries and Oceans from 
Environment. 
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Table 5.2 Federal Performance of R&D, by Region, 1981 


Province and Region Millions of Dollars Percent of Total 
British Columbia 45 5 
Alberta 46 5 
Saskatchewan 24 . 
Manitoba 65 7 
Western Provinces - 180 vel 
Ontario L2d 14 
National Capital Region 417 48 
Quebec 64 7 
Central Provinces - 602 70 
New Brunswick 21 Zz 
Nova Scotia 44 5 
Prince Edward Island = 1 
Newfoundland BS 1 
Atlantic Provinces - 83 10 


Source: “Statistic ‘Canada (1983. 29) 


Rap ems 3, Sources of Funds for R&D Performed 
Within the Provincial Government 
SEGLOr,. Loa. 


Source of Funds (millions of dollars) 


Province Governments Business Foreign Total 
Enterprise 
Atlantic Provinces 3 & --- 4 
Quebec 26 2 --- 28 
Ontario 46 5 % 52 
Manitoba & Saskatchewan 7 z --- 8 
Alberta 30 1 --- 31 
British Columbia 1 JE --- 14 
Canada 124 ta , 137 


Source: Statistics Canada (1983, 24) 
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By 1983, the overall funding for water research in Canada was about 
$56 million; when this is compared with the $75 million (1983 dollars) 
expenditure on research in 1979, these results show a 25 _ percent 
reduction from 1979 levels. 


Comparisons with other nations' support for water resources 
research would place Canadian figures in context. Unfortunately, most 
of the countries which were contacted with a request for such 
information could not provide the desired data. In many cases, the 
negative response reflected the absence of any organization with a 
mandate to take a national overview of water resources’ research. 
Nevertheless, some data are available. 


The Australian Water Resources Council (1982, 82) assembled 
some data regarding expenditure in selected countries on water research 
as a percentage of the annual capital expenditure on water developments. 
The results were: 


Australia yey 4 
United Kingdom LeLk 
Canada 2.82 
South Africa 2.0 
United States 4.0% 


As with indicators for research in general, Canada falls in the “middle 
ground” regarding its support for water resources research. 


The available evidence indicates that Canada has taken a “middle of 
the road" position in supporting research in general, and water research 
in particular. Of concern, however, are the reductions in research 
support to Environment Canada over a period in which the support for 
research in other federal departments has grown. Those reductions are 
illustrated by the decrease by three-quarters of the funds in the IWD 
Water Resources Research Support Program. 


The Australian Water Resources Council (1982, 7) recommended the 
establishment of a “National Water Research Council” to provide advice 
to the government regarding “national research goals, needs and 
priorities and the development and management of a comprehensive 
national water research and technology transfer program”. In contrast, 
in September of 1983 the British government dissolved its National Water 
Council and in September 1981 President Reagan signed on Executive Order 
which terminated the American Water Resources Council. Both of these 
organizations were perceived as not directly accountable or 
responsible for their actions, which made them dispensible. At the same 
time, these executive decisions also removed the organizations which had 
an overview of the national water scenes in their respective countries. 
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Chapter 6 
CONCLUSIONS AND RECOMMENDATIONS 


6.1 INTRODUCTION 


The previous chapters have described the nature and extent of 
effort in water resources research in Canada, have identified 
substantive and managerial issues, problems and opportunities, and have 
considered the financial implications of present and future research 
efforts. In this chapter, the major conclusions and recommendations are 
presented. They all emerge from the findings presented in Chapters 1.0 
through 5.0. 


6.2 A FEDERAL ROLE IN WATER RESOURCES RESEARCH 


Strong support exists in the country for a continued role by the 
Federal Government in water resources research, particularly regarding 
problems of an inter-jurisdictional nature. A federal role is not 
identical with a national water research strategy. Therefore, if the 
diverse research talent in the country is to be effectively mobilized, a 
national research strategy must be identified. For the Federal 
Government to participate in a national strategy, it is imperative that 
it clearly define its role. 


6.3 THE EXTEND AND NATURE OF THE FEDERAL ROLE 


The current federal role in water resources research is extreme! 
large. The Federal Government, through its various agencies, presently 
provides 73 percent of the funds for water research in the country. 
Furthermore, Federal Government agencies spend 51 percent of the water 
resources research dollars. These figures demonstrate that Federal 
Government agencies collectively comprise the main participant in water 
research both as a 'doer'and as a ‘'facilitator'. 


RECOMMENDATION 1: 
THE FEDERAL GOVERNMENT SHOULD CONTINUE TO BE A MAJOR PARTICIPANT IN 
WATER RESOURCES RESEARCH IN CANADA. HOWEVER, TO MORE EFFECTIVELY 
USE THE RESEARCH TALENT IN THE COUNTRY THERE SHOULD BE AN 
INCREASING ROLE FOR RESEARCHERS BASED IN THE UNIVERSITY AND PRIVATE 
SECTOR (SEE RECOMMENDATIONS 8 AND 9). 


6.4 MAJOR MANAGEMENT NEEDS 
6.4.1 Coordination 


Given the diverse array of research activity at the federal, 
provincial, private sector and university levels, a very important need 
is to achieve a systematic coordination of the research effort and to 
relate research to management needs. The most appropriate approach to 
develop a national strategy would be to create a National Water 
Research Committee. Comprised of representatives from the different 
groups involved in research, it would strive to minimize duplication of 
facilities and effort across the country, ensure a balance was realized 
between national and regional research problems, facilitate 
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communication within the research community and encourage liaison 
between researchers and managers. The committee would have to _ be 
allocated sufficient funds and authority so that it could influence 
research activity. Without sufficient resources, a great weakness of 
such a committee is that it could be ignored by the existing line 
agencies. The Research Committee would be created with a “sunset” 
clause to ensure that its effectiveness is assessed on a regular basis. 
This Research Committee could become the first step toward a more, all 
encompassing, Council which would be responsible for research, 
planning, management, and development. 


RECOMMENDATION 2: 
THE FEDERAL GOVERNMENT SHOULD TAKE THE LEAD IN’ ESTABLISHING THE 
NATIONAL WATER RESEARCH COMMITTEE, WHOSE OVERRIDING GOAL SHOULD BE 
TO DEVELOP A NATIONAL STRATEGY FOR WATER RESOURCES RESEARCH. THE 
IWD SHOULD PROVIDE THE SECRETARIAT FOR THE COMMITTEE WHICH WOULD 
HAVE A MAXIMUM MEMBERSHIP OF FIFTEEN INDIVIDUALS (SIX FEDERAL, 
THREE PROVINCIAL, THREE UNIVERSITY AND THREE PRIVATE SECTOR). 


RECOMMENDATION 3: 
THE FEDERAL GOVERNMENT SHOULD ESTABLISH A FEDERAL COMMITTEE FOR 
WATER RESOURCES RESEARCH WHOSE PRIMARY GOAL SHOULD BE TO DEVELOP A 
FEDERAL STRATEGY. THE COMMITTEE MEMBERSHIP SHOULD INCORPORATE 
RESEARCHERS AND MANAGERS FROM FEDERAL AGENCIES WITH A’ SIGNIFICANT 
ROLE IN WATER RESEARCH. THE MEMBERSHIP SHOULD REPRESENT BOTH 
HEADQUARTERS AND REGIONAL CONCERNS. 


6.4.2 Efficiency 


In the interests of efficiency there has been a trend towards 
centralization of research effort. There have been at least two major 
benefits from centralization. First, scale economies have been realized 
in purchases and operations of sophisticated and expensive laboratory 
equipment. Second, having large groups of scientists in proximity to 
each other has provided the critical mass of energy and talent so often 
necessary for scientific breakthroughs. For these two reasons_ the 
centralization trend can be supported. 


At the same time, further potential advantages from centralization 
exist. While on paper it appears feasible for investigators from 
universities and the private sector to use the sophisticated equipment 
in government laboratories, in practise such cooperative use _ has 
occurred only rarely. Thus, there seems to be considerable opportunity 
to make some of the sophisticated testing equipment in the federal 
laboratories available to the larger research community. 


On the other hand, there have been major costs associated with 


centralization. For those regions which do not have one of the 
centralized research facilities, there is a real danger that their 
regional needs get overlooked or ignored. To overcome this weakness it 


would be appropriate to have more regional branches or centers 
affiliated with the national research centers distributed across. the 
country. At the moment there are several such regional operations. 
If more regional centers were to be established, the first priority 
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should be to create such a center in the Atlantic Region. Atlantic 
Canada seems to be have been inadequately served by national research 
efforts. British Columbia should be the next priority area concerning a 
regional centre. 


RECOMMENDATION 4: 
THE EXISTING NATIONAL RESEARCH INSTITUTES SHOULD BE CONTINUED BUT 
GREATER PROVISION SHOULD BE DEVELOPED FOR ACCESS TO THEIR 
SOPHISTICATED EQUIPMENT BY OUTSIDE USERS. 


RECOMMENDATION 5: 
TO ENSURE THAT REGIONAL RESEARCH NEEDS ARE ADDRESSED, MORE REGIONAL 
RESEARCH CENTRES SHOULD BE ESTABLISHED. ATLANTIC CANADA SHOULD BE 
THE FIRST PRIORITY TO RECEIVE A RESEARCH CENTRE. 


6.4.3 Anticipatory Research 


Funding sources of the Federal Government have increasingly shifted 
to more mission-oriented research effort. Thus, directions of research 
have been increasingly influenced by the funding source. Such an 
approach seems reasonable in times of restraint but freedom and 
innovation in research may suffer if it is too fully directed. As well, 
with the current system there is a tendency to fund '‘'safe' science, 
where results are essentially guaranteed. However, major issues related 
to water resources usually are long term in nature and seldom are 
resolved in less than twenty-five years from the time that they are 
first recognized as problems or opportunities. Consequently, research 
must not be 'packaged' as short term tasks to be distributed across the 
country. 


In response to these problems, some portion of the overall research 
budget should be targeted at innovative and unrestricted water research. 
A mechanism to allocate such funds could be the National Water 
Research Committee with a mandate to include future-oriented, innovative 
research. The mandate of the Committee should specifically include 
allowance for failure of some research to produce 'positive' results, 
since the concern of this Committee would be to stimulate truly 
innovative research that might provide significant breakthroughs. 


RECOMMENDATION 6: 
A PROPORTION OF THE RESEARCH BUDGETS OF THE NATIONAL WATER RESEARCH 
COMMITTEE, THE NATIONAL INSTITUTES AND REGIONAL CENTRES SHOULD BE 
DESIGNATED TO SUPPORT RESEARCH OF A HIGH RISK AND LONG TERM NATURE. 


6.4.4 User Responsiveness 


A frequent concern is that managers or users and researchers do not 
consult with each other regarding research needs and priorities. As a 
result, many times it has been suggested that a mechanism is needed to 
facilitate such dialogue. The National Water Research Committee 
if composed of individuals not just from different levels of government, 
universities and the private sector but also from both managers. and 
researchers, should be able to improve the responsiveness of the 
research to the needs of users or managers. 
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If the membership on the committee also included representatives 
from different regions in the country, then it also should be possible 
to ensure that distinctive regional problems get fair consideration. 


RECOMMENDATION 7: 
TO ENSURE THAT THE WATER RESEARCH ACTIVITY RESPONDS TO THE NEEDS OF 
WATER MANAGERS AND USERS, THE VARIOUS RESEARCH COMMITTEES, 
INSTITUTES AND CENTRES SHOULD HAVE A MANAGEMENT COMMITTEE INVOLVING 
RESEARCHERS, MANAGERS AND USERS. 


6.4.5 Balanced Perspectives 


There appears to be a major need for research activity that 
integrates findings and understanding generated from research in a 
variety of disciplines and professions. Unfortunately, many researchers 
report having significant difficulties in obtaining funding for such 
interdiscplinary research especially from NSERC and SSHRC. 


A frequent observation made to the Inquiry was that there is a need 
for a larger amount of social science research effort in the water 
field. It should be recognized that social scientists can apply to the 
Social Sciences and Humanities Research Council of Canada to obtain 
research funding. To date, a very small number of social scientists 
working in the water field have regularly received research awards from 
SSHRC. Furthermore, SSHRC has received very modest increases in its 
funding programs, so that major new initiatives in water resources 
research are highly unlikely, if the historical pattern of funding to 
SSHRC is maintained. 


The Federal Government could take the initiative to encourage or 
stimulate social science research by identifying more problem areas 
which require analysis by social sciences and by establishing funds 
designated to support social sciences research. 


Engineering, physical and life scientists have generated 
substantial funding through the Natural Science and Engineering Research 
Council. All university-based investigators, however, have expressed 
disappointment at the modest funding provided for water research through 
the Inland Waters Directorate subvention program. To achieve a variety 
of perspectives pertinent to water resources problems, the Federal 
Government could show much more leadership by increasing the 
research funding to non Federal Government investigators. 


RECOMMENDATION 8: 
NSERC AND SSHRC SHOULD REVIEW EXISTING PROCEDURES FOR ASSESSING 
INTERDISCIPLINARY RESEARCH PROPOSALS IN ORDER TO ENSURE A MORE 
EFFECTIVE REVIEW OF SUCH PROPOSALS. 


RECOMMENDATION 9: 
TO ENCOURAGE MORE SOCIAL SCIENCE RESEARCH IN THE WATER FIELD, A 
GREATER LEVEL OF FUNDING SHOULD BE PROVIDED TO SSHRC FROM THE 
FEDERAL GOVERNMENT. 
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RECOMMENDATION 10: 
THE WATER RESOURCES RESEARCH SUPPORT PROGRAM SHOULD RECEIVE 
INCREASED FUNDING AND SOME OF THIS INCREASED FUNDING SHOULD BE SET 
ASIDE TO SUPPORT SOCIAL SCIENCE RESEARCH. 


6.5 COMMUNICATION 


The Federal Government has developed an extensive data management 
system to support water research activity. Given the array of potential 
users, it is not clear how effectively the needs of the researchers 
across the country have been serviced by these systems. While these 
Systems provide an inventory of current reports and information, they do 
not provide a systematic listing of ongoing research activity 
(investigation, topic, level of support, time-frame). 


If coordination of research effort is one of the most important 
priorities for the future, communication of research results from the 
investigators to the managers and users is also very much in need of 
improvement. A major problem appears to be that researchers publish in 
journals which are primarily read by other researchers, rather than 
managers or users. 


Clearly, there is need for outlets for research whose main target 
is other researchers. In addition, it is not desirable to have a 
proliferation of journals and _ periodicals. However, some of the 
existing journals, such as the Canadian Water Resources Journal or the 
Water Pollution Research Journal of Canada, might be encouraged to 
develop two major sections. One section could contain research reports 
oriented primarily towards other researchers. The other section might 
contain articles focussed more towards the needs of users and managers. 
If this were to be done, the journals would incur extra publication 
costs. Therefore, in the interests of furthering communication between 
researchers and managers, the Federal Government might provide some 
funding to allow this modification. 


RECOMMENDATION 11: 
GIVEN THE DEVELOPMENT OF THE DIFFERENT DATA MANAGEMENT SYSTEMS, IT 
IS RECOMMENDED THAT A SYSTEMATIC REVIEW OF THESE SYSTEMS’. BE 
CONDUCTED BY THE FEDERAL GOVERNEMENT TO DETERMINE THEIR 
EFFECTIVENESS AND EFFICIENCY. 


RECOMMENDATION 12: 
THE FEDERAL GOVERNMENT SHOULD DEVELOP AN INVENTORY OF ONGOING WATER 
RESOURCES RESEARCH PROJECTS WHICH WOULD BE ACCESSIBLE ON AN ON-LINE 
BASIS TO RESEARCHERS IN THE FEDERAL, PROVINCIAL, UNIVERSITY AND 
PRIVATE SECTORS. 


RECOMMENDATION 13: 
TO FOSTER COMMUNICATION BETWEEN RESEARCHERS AND MANAGERS, THE 
FEDERAL GOVERNMENT SHOULD PROVIDE FUNDING TO SELECTED CANADIAN 
JOURNALS IN THE WATER FIELD TO ASSIST THEM IN INCLUDING MORE 
REPORTS PERTINENT TO THE NEEDS OF MANAGERS AND USERS. 
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6.6 RETRAINING AND EDUCATION 


One of the characteristics of innovative and outstanding 
researchers is the ability to keep abreast of the most recent concepts, 
methods and techniques. Traditionally, much of this upgrading and re- 
education has occurred through the interaction between recently-hired 
junior investigators and their more senior experienced colleagues, or 
through people exchanging views and experiences at professional 


meetings. In times of restraint, when very few new scientists are 
being hired and when substantial restrictions are placed on travel to 
conferences, these traditional mechanisms do not work. This must be 


recognized. If the Federal Government is serious about supporting 
retraining and education, then sufficient resources must be allocated to 
either hire new staff, facilitate participation in professional meetings 
or accommodate sabbaticals or other forms of exchanges by federal 
scientists with their counterparts in other institutions. 


RECOMMENDATION 14: 
THE FEDERAL GOVERNMENT SHOULD DEVELOP A SYSTEM OF SABBATICALS AND 
SHORT-TERM LEAVES TO ENCOURAGE FEDERAL RESEARCH SCIENTISTS TO 
BROADEN THEIR EXPERIENCES AND EXPOSE THEM TO THINKING AND PROCESSES 
IN NON-FEDERAL INSTITUTIONS. 


RECOMMENDATION 15: 
THE FEDERAL GOVERNMENT SHOULD ASSIST THE CONTINUING EDUCATION OF 
PROFESSIONALS BY PROMOTING OPPORTUNITIES FOR ATTENDANCE AT SHORT 
COURSES. SERIOUS CONSIDERATION SHOULD BE GIVEN TO ACCOMPLISHING 
THIS BY FOLLOWING THE EPA EXAMPLE WHERE SPEAKERS AT SHORT COURSES 
ARE MOVED TO VARIOUS LOCATIONS AND ONLY VERY MODEST FEES ARE 
CHARGED, SO AS TO ASSIST THE OPPORTUNITY FOR ATTENDANCE. 


RECOMMENDATION 16: 
THE FEDERAL GOVERNMENT SHOULD EXPLORE OPPORTUNITIES FOR 
SCHOLARSHIPS TO ASSIST STUDY IN WATER RESOURCES RESEARCH. THE 
RECENTLY INITIATED PROGRAM BEING USED BY FEARO COULD BE USED AS A 
MODEL FOR A SIMILAR PROGRAM IN THE WATER FIELD. 


6.7 FUTURE FUNDING LEVELS 


Funding levels of water resources research in recent years have not 
kept pace with inflation. Current funding levels represent only 74 
percent of 1979 research efforts. This represents a_ significant 
decrease in research effort. In the interim, new problems have emerged 
in the water field. 


As a consequence of the decrease in research funding from 1979, an 
even greater shortfall from the recommendations regarding needs for 
increased funding as presented in the Bruce and Maasland report in 1968 
has occurred. 
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RECOMMENDATION 17: 
GIVEN THE 25 PERCENT REDUCTION IN SUPPORT FOR WATER RESOURCES 
RESEARCH SINCE 1979, INCREASES IN FUNDING OVER THE NEXT FIVE YEARS 
ABOVE THE RATE OF INFLATION SHOULD BE_ INSTITUTED. AN ANNUAL 
INCREASE OF 10 TO 12 PERCENT COULD BE A TARGET, AT A LEVEL OF 5 
PERCENT ABOVE THE RATE OF INFLATION. 
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University of Waterloo 


Waterloo, Ontario, Canada 
N2L 3G1 


Faculty of Engineering 
Department of Civil Engineering 
519/885-1211 


August 1, 1984 


The Science Council of Canada and the Inquiry on Federal Water Policy are the 
co-sponsors of our study on the status of water resources research in Canada. Attached is 
a letter confirming this sponsorship. The objectives of the study are: 


(1) to provide an updated inventory of water research activities in Canada for 1983 or 
April 1983-March 1984, whichever is appropriate for your organization, identifying 
effort in different categories of research and among federal, provincial, university 
and private sectors, 


(2) to identify future research needs and priorities, and, 


(3) to evaluate federal research programs in terms of their capacity to respond to 
changing priorities for water resources research, co-ordination and management in 
Canada. 


Sources being contacted for this information are individuals and organizations across 
the country involved in water resources research. 


We would appreciate your sending us information about the water resources research 
in your department. 


Enclosed are two questionnaires. The Reporting Unit questionnaire is used to collect 
overall cost and manpower information. The Project questionnaire is used to collect informatio: 
describing individual research projects. These questionnaires should be distributed to the 
individuals responsible for particular research projects. 


We are aware that Bruce and Maasland published a report for the Science Council of 
Canada on the status of water resources in Canada in 1968, and that in 1979 Environment Canada 
updated their inventory. Many people across the country took considerable time to provide 
data essential for these studies. Our assignment in directing this third study involves 
submission of a report in early 1985, both updating the inventory and identifying future 
issues, opportunities, constraints and strategies relative to water resources research in 
Canada. The results of this inquiry will be used by the Inquiry on Federal Water Policy. 


Although we are requesting the names of researchers, that information will be used only 
to facilitate categorizing and processing. Responses will be treated in confidence, and no 
individual will be identified by name in the report. 


For responses from your department to be taken fully into account, we need to receive 
the completed questionnaire by not later than September 14, 1984. As a result, we hope that 
you will distribute them as quickly as possible to your researchers, and make them aware of 
the importance of receiving their input. 


If you have any questions, please do not hesitate to contact either of us. For 
purposes of returm correspondence, please direct to: 


Professor Edward McBean 
Department of Civil Engineering 
University of Waterloo 
Waterloo, Ontario, N2L 3Gl 


Yours sincerely, Yours sincerely, 
Bruce Mitchell, Edward McBean, 
Professor of Geography Professor of Civil Engineering 


(519) 885-1211 (Ext. 3064) (519) 885-1211 (Ext. 3349) 


le | Science Conseil 


Council des sciences - 
UY of Canada du Canada 

100. Metcaife Street 159. rue Metceife 

Ottawa, Canada Ottawa, Canada 

KIP SM1 KIP SM1 


THE SCIENCE COUNCIL OF CANADA AND THE 
INQUIRY ON FEDERAL WATER POLICY 


WATER RESEARCH INVESTIGATION 


The Science Council of Canada undertook a major study of water resources 
research in the 1960s which led to publication in 1968 of Special Study No. 
5 by Bruce and Maasland, "Water Resources Research in Canada", and Council 
Report No. 3, "A Major Program of Water Resource Research in Canada." New 
issues are now emerging (e.g. toxic chemical pollution, interbasin 
transfers), leading to a need to reassess water research needs between now 
and the year 2000. Environment Canada convened several workshops a few 
years ago to examine a number of the relevant issues but did not address 
the question of where water research should be heading in the future. 
Science Council has given some consideration to further work in the area. 


The Minister of the Environment recently established, with Cabinet 
approval, a three-member Inquiry on Federal Water Policy, chaired by Dr. 
Peter Pearse. The Inquiry has the mandate to consult broadly with 
Canadians and their governments; to substantiate the nature of emerging 
issues; to assess available supplies and future requirements for the 
conservation and use of water; and to "assess the needs for, and nature of, 
additional scientific and research expertise in water management in Canada." 


Because of a common interest in future water research activities, the 
Inquiry and Science Council have agreed to jointly sponsor work in this 
area and have entered into a contract with Professors Edward McBean and 
Bruce Mitchell of the University of Waterloo to undertake the project. 


The objectives of this joint project are: 


l. To update the inventory of water research activities, using the Science 
Council reports of 1968 and Environment Canada paper of 1979 as bases, 
identifying changes in effort among research categories and changes in 
effort and funding among federal, provincial, university and private 
sectors. 


2. To identify future research needs and priorities, in consideration both 


of current trends and emerging water issues as substantiated by the 
Inquiry on Federal Policy. 
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3. To evaluate federal research programs in terms of their Capacity to 
respond to changing priorities for water resources research, 
co-ordination and management in Canada. 


Science Council of Canada Inquiry on Federal Water Policy 


y Ss ao vi a va oe 


; mead ank Quinn 
<ience Acviser Director of Research 


WATER RESOURCES RESEARCH CATEGORIES 


10¢. NATURE OF WATER 
Caiegory 100 deals with fundamental research on the water substance. 


101. Properves of water — Srucy of the pdviical and chemical 
Properties of waer, including ius wbermodynamuc behanor m os 
VEnow aie 


10> Aqueous soluvons and suspensions — Seudy of the effect of 
Vanous sOules On ibe properues of water; mirtace mieracuoms) cob 
dendal suspensons. 


200. WATER CYCLE 2 ' 
Category 200 covers research om the natural processes invohing 
warer. | is an esmenual supporing effort Lo appbed proviems in lever 
ealegorses. 

281. General Inciuding studies involving two or more phase of 
the water cycie such as hydrologic mode's: runfall-runcff reiavons; 
murtace and ground-waies reiauonsbips; watersbed arudees, geomor- 
phoiog 

282. Precipitation Inciuding investigation of epaua! and termpora! 
vanauons of precipiianon. physiographic effects, ime gends. ca- 
fremes. probatie maximum precipiiason, structure of siorms, quan 
Glauve precipiiation forecasiing 


283. Snow and ice Including mudies of the occurrence and thermo 
Gynamics of water mn the sond sate in nature, pasa! vanauons of 
mow and frost formation of ice: breas-u> of mver and jake ice: 
Blacrers: ice forces, permafrost and io eflecu ot groundwater and 
Ube water cycle. 


204. Evaparaiion and transpiration Including investigauon of the 
Process of evaporavor from lakes soil and mow and of the rans 
paration process im pans, methods of exumaung actual evapouane 
Poavon: energy balance 


2@S. Sireamflow Including. mechanics of flow in totams, flood 
rouung. bank siorag: mace and ume variauons (includes bugh and 
low-flow {requency): droughis; foods 


206. Groundwater. Inciuding study of the mechania of gpound 
water moverments muluprase systems. sources of natural rechange: 
Mechenics of flow to welis and drains subssdeoce Properua of 
equilert: saline Sater intrusion in coast! aguifer. 


307. Water m soils. Incruding mflurauon: movement and rorage 
of water m ibe zone of serauon mncluding sow 


208. Lakes Including bvdrologic. bvdrochemical and tbermal re 
grpes Of lakes. waier seve) Buctusvons, currenu and waves. 


209. Water and pianu Including role of pian in bydrolopc cycle; 
waier requirements 0; plans; iniercepuon of precipiauon 


210. Erosion anc sedimentation Inciuding studies of the erosion 
Process Predicuon of sediment yeild sedimentasuon in Jakes anc re 
mervous, sutam erosion, sediment wanspor. river-bed evaiuauosc. 


211. Chemica: processes Including chemical mteracuon: berween 
Water anc 14 natura! environment, coemusry of precpitasct. 


212 Estuanne problems Including special problems of the ev 
anne environmen: eer: of tices om flow and tage, depoaiuce of 
sediments, sea wales insruson WW esiLanes 


300. WATER SUPPLY AUGMENTATION AND 
CONSERVATION 

As wales use increases we musi pay mcreaung atiention to methods 
for augmenting anc consening avuiatic suppues Research Cate- 
Fory 300 is iargesy appirec researco devoted to Wu prookem arca 


3O1. Saline waier conversion — Research and development related 
te mrecbods of cesalting sea waier and brackub waier 


32. Water yield rmprovement — Increasing streamfow or improv- 
ing tt distribuiion Unrough land managemen:. water Barvesung from 
impervious areas, phresiopbyte convo), reservou ¢vaporauoo sup 
presiicn. 

303. Use of water of impaired aualiry — Research on methods of 
agrcuitura: use of water of bigh salinity, use of poor quauly water 
™@ wdussry; Gop tolerance Lo salinity. 


364 Comservation m domertic use — Methods for reduang dome 
le weler needs without enpairmen: of service. 


345. Conservation m imduttry — Reducuce in bow conmsumpuce 
aad diverwon requremenu for mdusury 


346 Comservaiion im agriculture — More efficent UTigauon prac- 
tuors Chemica! contro! of evaporation and Vanspuaucr, lower waier 
wee pian, Cpumum use of soul moisiure; eic 


367. Weather Modifcauion — anific:al simulation of preapriauoce; 
elmate modicauon ty change: in iaod anc waier SiTlaces, ec 


400. WATER QUANTITY MANAGEMENT AND CONTROL 
Category 400 mciudes research direcied io the management of water, 
etclusve of conservauon, and ue cflects of relied acuvines on 
wae. 

441. Comtro! of water on the land — Effects of land management 
@e rupog, land draimagr: poubosss, cic 

442 Groundeater manapement — Aruicial recharge, tonjunciive 
OPEravon, ruuaues LO ZTigsuca. 

403. Effects of man’s releied acuv-ucs oo water — Impact of w- 
benmavon, highways logging, ex, on water yeuds aod bow rave 


$04. WATER QUALITY MANACEMENT AND PROTECTION 


AD mereaung popweuon mereases ibe wasies and cibe- poliuiacts 
enierning our weier mippies Caiepory $00 deau witb metbods of 
bbemutymng Geecr ibang apd coorolung the polunca 


$41. Identification of pollutans — Techmeves of ientifeation of 
pbyuaa., chemical and siologc polluiaats; rauonal measures of chas- 
acer aod sueng.b of wasics. 


$#2. Sources and fate of pollution — Determination of Ube sources 
of polulans in waie- Uwe naiure of we poliuson from variow 
sources pawn of pollutant (rom source to suream or groundwaie- 
Prediction of polluuon concenavons inciuding precicuon by meas 
of matbemaiica. models, effects of ice cover oc Gusotvad arygea 
and olber palluianu in seams and Lakes, eu. 


$3. Effects of pollution — Definition of the effect of polutanu, 
uingly ana in combination. on mar. acuace life. agnouiture and w- 
OUSITY Under condiions Of susiained Use. eutropbicauon: influence of 
Protonged ice-cove: on efecu of pollutanu; etc 


$04. Wane veatment processes — Research to mNprove conven- 
uona! treatment me:hoas io gain efficiency or reduce cos: Processes 
{0 Weat new types of waste: advanced ucaimen: mecbocs for more 
complete removal of poduianus including puriicauen for direct reuse. 


$05. Ultrmate dimpota) of wasier — Disposal) of resdua) macenal 
removed ‘rom waier and sewage during Ube treaunect Process, dis 
posal O° wasie brines; underground waste disposal 


SOQ Water treatment — Developmen of more efficient and econo 
mucal methods of masing waier suitable for domesuc Or woduorrsal 
use. 


SET. Water quaiirv control — Research on Tmetbods 0 control 
sirearn and reservorr water quality such as flow augmentation: srearn 
QD0 reservoir aerarion, comiroi of natural pollurvon, control ef poi- 
lunes from pesiicides and agricultural ehemicais conual of acid 
mune drainage. concoi of erasion and secumentauon, ets 


0. ECONOMIC, SOCIAL AND INSTITUTIONAL ASPECTS 
The probiems of acbeeving an opuma! plan of wate- deveicpment 
art becoming increasingly compiex Category 600 covers research 
Gevoied to determining Une bes: way to Plan. Ube appropriate criterua 
for pianning and tne nature of te economic mga anc insutuvonal 
aspects of une planning process. 


601. Planning — Application of system: anams lo provec: plan 
ning. treaumenit of uoceriaunty; Procabibty siudses; son-scrucural 
aluernauves 


2 Evaluation proves — Development of methods. concests and 
Geria for evasuaung proyect benefis, duscount rate provect ite: 
mewbod: for economic. sociai and lechnologica) projections, reuabilry 
Of provecuors; researco co ihe value of water in vyanous user ec 


$93. Cost allocauion. cost ahanng. pricing repavmer: — Research 
on me:hods of caiculating repayment and esuadiisbing prices for 
vendiric produc: tecnmques of cos: aliocauor.. cost abanng; pricing 
and repa\men: pouc). 


04. Water requirements) — Research on the walter quantity aod 
quality requiremenss of various uses 


GS. Water law — Studies of provincial and federal mic lw 
sowing (0 changes and addions woca will encourage peate: efi- 
Qency in waler use. 


606 Institunonal aspects — Investigauon of msutuvonal scucture 
and consiraints which influence decisron on water a: al levees of 
government, case siucits, jurudicuonal problems 


7. Sociolograa) and prvchoiowical aspecu — Alwiudes to use of 
water. percepuon of respoosoiwues 


68. Ecologic impac: of water deveiopment — Effects of waier 
management operaiions on overs!) ecology, mciuding Duman tony, 
Of Ube arca Excludes effec: of poluuon unger 50). 


700. RESOURCES DATA 

Planning anc managemen! of our water resources Tequire informea- 
bon. Caiepgory 700 inciuder research onenied to data needs and we 
moni efcseni methods of meeting these mecds Basic dau collection 
Ww ise! is not bere comsidered research bu: studies of ™y lo im 
prove Gaia coiecuoe are inciuded 


761. Nerwork denen — Studies of data requirements and of the 
most effecure meibods of collecung the daa 


702 Data acquisiuon — Research on new and improved instru. 
menu and techniques for collection of eater resources dau metuc ng 
dau 00 water use and wale: and erosion Gamage, weiemeteriog equip 
ment. 


703. Evaluation processing and publication — Sradies of effecirve 
Methods of processing dala, form and aaiure of published dau 
maps of daw 


ee0. ENCINEERING WORKS 

To mmpiement water development plams requires engineering works 
Category $00 describes research on design. materia anc construcuos 
Woicd ws specifically use!ul 10 wacer manapemen: Works reievant to 
® umgie specific goal, sucb as waier veaiment of Gesalnauoo are 
mcluded ebewnere U an appropriaue category exam 


S42 Malenas — Research io improve exuting ructural materiale 
acd \ develop new materials for use in waier coool and coo 
weyapes siructures. 


862. Opersuons — Research on efficent! Operaung procedures, and 
Maownasce procedures for waier comiro! rvtiema 


900. Environmental Management and Protection 
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ASSESSMENT OF RESEARCH NEEDS 


As with all questionnaires, their distribution must be limited. However, 


from the responses we must extrapolate che information to characterize the national 
scene of water resources research in Canada. This is not a task thac is simple, nor 
taken lightly, since there are severe dangers of both omission and duplication. As 
a result, when completing the questionnaire, please keep in mind: 


(1) 


(1i) 


to 
. 


The scope of research you are reporting for: 

e.g. (a) you as an individual 
(6) the branch, division, or unit in which you work 
(c) other (specify) 


The questionnaire is being completed by an array of people with diverse 
backgrounds, thereby implying some questions may be more directly relevance 
to your concerns than are others. 


Please use the reverse side and/or append additional pages as required. 


In your view, what are the needs and priorities for water resources research in 
Canada between now and the year 2000? What issues are likely to be most 
importante in the 1990's, and what should we be doing now in research to be 
ready to address them in the 1990's? 


What changes should be made to improve the capacity of federal research programs 
to respond to changing priorities for water resources research? How can/should 
flexibility be "built in" to the management of research programs to ensure that 
we address the issues of the future as well as of the present? 


Wnat changes should be made to improve the coordination of federal programs in 
water resources research related to various research activities amongst differen: 
federal departments as well as in provincial governments, universities, and the 
private sector? : 


Are results from water research in Canada being effectively applied to the 
resolution of practical problems? If not, what are the main obstacles to 
effective application? What should/could be done to improve the use of results 
from water research in the 1990's to resolve practical problems? 


In the planning and conduct of water resources research, what proportion of 
your research time in 1983 or 83/84 has been allocated to the following categories? 


Mission- | Unconstrained by 
oriented mandate or mission 


re hv 
applied research | 
Se eae a ee he Pe ee eS 


| 100 


| 
| pure/basic research | | | 
‘ 
| 


10. 
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What, in your estimation, would be an appropriate mix of effort at a 
national level during the 1990's? 


Mission 
oriented 


Unconstrained by 
mandate or mission 


pure/basic research 


applied research 


100 


Comments: 


Water problems cross disciplinary and professional boundaries, yet che structure 
of most government agencies and umiversities often mitigates against either 
interdisciplinary research or the integration of research results from various 
fields. - 


(a) What percentage of your research work has been conducted in group 
efforts? 


(b) When you have been involved in group research, have the other individuals 
had a disciplinary or professional background similar to yours? 


(c) What action could the federal government take to encourage more inter- 
disciplinary research in the future? 


In a country as large and diverse as Canada, regional water resources issues 
may be quite different. What action could be taken to ensure that federal 
water resources research programs in the future respond more effectively to 
different regional needs? 


What are the major constraints - shortage of funds, your time, shortage of 
professional personnel, shortage of technicians, inadequate Space, inadequate 
equipment, or other (7?) - to a larger role in water resources research in your 
organization? Please prioritize and comment briefly. 


If your work has resulted in published papers, what percentage have been 
published in Canadian journals? 

What are the reasons for your decisions for publishing in ocher than Canadian 
journals, when you have? What changes are needed to encourage you to pudlish 
more of your papers in Canadian journals in the future? 


In your own research when considering the role of the federal government in 
water research in Canada, what are the most importance issues and needs requiring 
attention in the years ahead? Please prioritize. 


What issues and needs receiving considerable attention over the last decade 
might, in your estimation, receive diminished attention in the next two decades? 


Other comments/suggestions: 


The following questions are intended for university-related people, alchough we 
welcome comments from any interested parties. 


he 


Should professors be allowed to "buy out" some of their teaching tasks 
(where some of the research money is used to hire other individuals to assume 
some (but not all) of the teaching responsibilities?) 


How many proposals did you write and, of these, how many were funded during 
the reporting period? What was the major reason you prepared the number 
you did, and not more? 


If you have a designated centre for water resources research at your 
university, please provide 


(a) its name: 


(b) date which it was established: 
(c) areas/fields of water resources research in which it has 


specialized: 
re 


(d) number of employees in 1983: 

(e) status (is the cencre a formal entity?) 
From which sources did you receive funds to Support graduate students 

(do not include scholarship-supported individuals) working in the field of 
water resources research? 


NSERC SSHRC NRC CMHC ENV. OTHER PROVINCIAL PRIVATE THE 
CANADA FEDERAL (SPECIFY) SECTOR 
IWD (SPECIFY) (SPECIFY) 


SUM 
= 100% 


Your efforts in completing the questionnaire are greatly appreciated. 
Please return completed questionnaires to: 


Professor Edward McBean 
Department of Civil Engineering 
University of Waterloo 
Waterloo, Ontario, N2L 3Gl 


Survey of Wacer Resources Reasearch in Canada 


PROJECT QUESTIONNAIRE 


1. Imsticucion OF AgeNCy ...cee eee cece cree era reccereeee 


(Name and Address) ..... PERIOD OLS Wal visraidisinia siecardre' shee 


2. Reporting Year 


Noce: The reporting period should be one year in lengch, FOR Wore creda hae tien ald ereialelarets 
either calendar vear 1983, or where more convenienc, Monten Year 
the closest fiscal year («.g., for federal agencies os a9k. Oe) a ok ee 
FY 1983-<). Maen Veur 


PROJECT DATA 


Note: Questions #13 below should be answered for each project active in che reporcing vear. 
This return provides space for up to three projects. for additional projects, either 
use addicional forms or attach sheecs with question aimbers and answers. 


3. Project Ticle (twenty words OF Les)... sree reece eee reneenreceeereereces idle \ere*Wier alam: «/al oma, ere 


ROU OO RECO OO CERO CECE HORSES COCO EERE CESS SOESOESSCCOCCEOES CTEM EDO THETTHSOCEOUE UES EEC HS 


Brief description of purpose........ ale) elvis a laiel eis /ujavererele eie:ai e wii tral ale/e aiaiajarsisinre sie ia/d:e)a:sia\sivis 


3. 


Tare eee eee eee ee Tere ee ere eee ee eee eee eee eee eee ee ey 


3. Project Ticle (twenty words OF Les8) 2... ees eeeesercccceecceesereeess 


POH e eee eee ee Hee eH H eRe E EEE EHE HESS EEE E HE HEHEHE OES ES EEE E EH EES 


Briel Hescripelon Sf Purposes. cvsciccasavawsscceaes ctaasvadsonsecdans 


4, Sub-category of research 
Noce: Encer the mosc applicable from categories 


on attached list 


S$. Name of project leader Family 
Given 


6. Work on reported project in raporring 
year. Doctor 
Ester man years (nearest 0.1 man year) Mascer 
for each indicated classificacion. 
Bachelor 


Undergraduate and 
post-graduate 
assistants 


Technicians 


ie Was project recuesced by anocher agency? Gieck 


“4 


es No es No 


8. Was project co-operative with mocher 
agency during the reporting period? 
Note: A co-operative project is one in which 
Cwo or wore institucions or agencies are actively 
engaged in the research, or a second institution 
provides instriments and cechnical advice. If a 
second institucion simply supports the projec: 
financially, the project would noc be called 
co-operative Check 


9. Duration of Project. This project 
commenced in Monch 
Year 


and is expected to be compleced in Month 
Year 


10. Project cost in reporting period 
Note: Include only direct costs. 
Operating costs include OperacingSThousands 
salaries,ctravel and expend- 
able equipment as typical Capical $ Thousands 
trems. Capital costs in- Total $ Thousands 
clude instriments and obser~ 
ing platforms. Exclude capital 
depreciation costs and capital 
consumption allowances. 


ll. Enter sources of che funds Federal 
(total of 10 above) dy P af 
aporomimate percencage rowine? 
distribution University 


Industry 


Other Canadian 
Specify 


Foreign 
12. Using reporting year costs as 
100, estimate costs in preceding 
and following years. 1982 
(For example, if cocal cost 
of this project was 202 less in 1984 
1982 chan to 1983 and the 
project was completed in 198}, 
enter 80 for 1982 and 0 for 
1984) 


. 
. 
. 
. 


13. Attach # liste of papers, reports and 
publicacions resulcing from these 
Prosects, idencifying each list by 
project cicle. 
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REPORTING UNIT QUESTIONNAIRE 
ALR 


SOREL inition oF Agéney sv. 6 sacs seen ambaee lc, BOC TOSS. iarciyig tops > ones seis MU ow oe 


Se ee oe Ome Cee ENA a Be a" ca: (8B. law Sela ee eke 


Include name and address of Teporting unit, section or division. 


Reporting Year ROM <a tinenee oe yan ft 

NOTE: The reporting period should be one year in length, Month Year 
eicher calendar year 1983, or where more 1 ne See es eee ee ae | 
convenient, the closest fiscal year (e.g., for Month Year 


federal agencies FY 1983-84), 


Research Expenditures, by Water Resources Water resource research Sub-category Code # 


Research sub-category for each year, Year ie 1983 1984 1985 1986 
l 82/83 83/84 84/8 / / 87 
1982 to 1986. No. of Projects & 5 85/86 86/87 
Group actual or forecast project Pxvendi tures (projected) 


costs according to sub-categories. 
For 1982 and 1983 enter also 

number of projects. If more than 
four sub-categories are reported, Capital 
please use additional sheets. 


in thousands $ 
Operating 


Total 


If reasonable estimates of "overhead" : : 
Water resource research Sud-category Code # 


costs for space, power, senior admin- = —————— 
fstraction etc. are readily available, beet: rope ae ret ee 36/87 
include these in Operating costs: No. of Projects { x x 
Insert H after the entry if overhead : (projected) 
charges are included. Expenditures 

in thousands $ 
Exclude capital depreciation costs and Operating 
capital consumption allowances. 

Capital 

See attached page for research Térai 


sub-categories, 
Water resource research Sub-category Code # 


Year 1982 1983 1984 1985 386 
82/83 83/84 84/85 85/86 86/87 
No. of Projects x X x 


( rojected) 
Expenditures oe 


in thousands $ 


Operating 
Capital 
Total 
Water resource research Sub-category Code # 
Year 1982 1983 1984 1985 1986 
82/83 83/84 84/85 85/86 86/87 
No. of Projects X X x 
(projected) 
Expenditures 
in thousands § 
Operating 
Capital 
Tocal 
Sources of funds 1983 
Enter percentage values (based Canadian: Federal Provincial 
on 1983 operating & capital = 100) University Industry 
Other Canadian ROMMEL EY Uae en acces pame ho va kin ) 


Foreign 


1983: Professional man years (nearest 1) 


Professional Effort: 100 
For reporting period. Sub-category Discipline 
j l b Code Number or Doctor Master Bachelor 
eines se eho ia please Pcereseaonat 
4 k 
liste the discipline or eck groan: 
professional background of 
the participants and enter 
the professional effort for 
the reporting period. 
If additional space is —— a aes 
required, please use 
additional sheet. 
Additions to Professional 1983-4-5 Additions to Professional Staff 
Staff 1963-85 Discipline Doctor Master Bachelor 
Enter the annual additions 1983 | 1984551985 1983 1984 1985 1983 1984 1985 
to required professional 
staff, by highest earned CO trv TC Cr ierwvwm— oma Om — OC 
degrees. Sey ee BSS re eer. ee ee ree 
If additional space is 
required, please use 
additional sheet. eee eee ee COC 
Technician Effort in Name of Man years (nearest unit) 
man years Field or Trade 1983 1984 1985 
By Field of training 
For 1983 enter actual ee ee eee 
values. 
For 1984,5 forecast 
the required annual -_ — ae — 
additcion. 
Nature of projects planned co begin in 1985 
8.1 Ticle and/or one-line description ........ oie 6 0 ors aueleelale atsves stats sleroaialeviersionsfore mitecsonederehe Pc tater 
etelslelsielel siete stole avelaleleletate’s alel stele sleteta}eter ss) 41s --.-Sub-category of research code number.......... 
8.2 Title and/or one-line description ........ FS CAMRIOIEID CLO OCC OS ai aleieleusysdel oetoveceae Gusreie skein ets 
sletalaterleliers\ a ates stercieleieie 60068 : aie) staletel aiatete) = Sub-category of research code number.......... 
8.3 Ticle and/or one-line descripcion ..........02- Sisersiais Ss fuslocin tw Viel Caer atale otonereteiol eis tave cteceavabetaeiers 
PGINO I, COOOL slal seleisilelelsie/éleieie'sieieisicieiels NOOR AC Sub-category of research code number.......... 
8.4 Title and/or one-line description ......... - scsi erate ehenaueteheneueia ice feet auatene) neve S10 aie aba arerenenerees 
é ein: ini-n.1s)seku sole eve¥ets ta" win’ epatelal suenuhere ete ere tal el eer ooee-oub=category of research code number.......... 
8.5 Title and/or one-line description ............. miele: Sov aheroLete AOA GOOE Abe a salerara Guar tuevaie oneieia GISTs 
aelelslaiers Poorer ere e reer er ccrecrscesceseeee cuUbmCcategory of research code number.......... 


- (Code from attached list) 
We would appreciate receiving a copy of your 


annual report, if such is available. 


University of Waterloo 
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Waterloo, Ontario, Canada 
N2L 3G1 


Faculty of Engineering 


Department of Civil Engineering 
519/885-1211 
e A 
le 1°* podr 1984 


Le Conseil des Sciences du Canad 
matiere d'eau sont les co-commanditai 
les ressources en eau au Canada. 
Les objectifs de cette étude sont: 


aet l'Enquéte en vue d'une politique fédérale en 
tes de notre étude sur le Statut de la recherche sur 
Une lettre confirmant cette commandite est annexée. 


(1) fournir une mise A jour de l'inventaire des activités de la recherche sur l'eau 
au Canada pour 1983 ou avril 1983-mars 1984, qu'importe laquelle est appropriée 3 
votre organisation, en identifiant l’effort des différentes catégories de recherches 
parmi le fédéral, le provincial, l'université et les secters privés. 


(2) identifier les futurs besoins et priorités de recherches, et, 


(3) €valuer les programmes fédéraux en termes de leur capacité a répondre aux 
changements de priorités de la recherche sur les ressources en eau, leur 
coordination et leur gestion au Canada. 


Les sources €tant contactées pour cette information sont des individus et des 
organisations impliqués dans la recherche sur les ressources en eau partout au Canada. 


Nous apprécierions que vous nous envoyez l'information au sujet de la recherche 
sur les ressources en eau de votre département. 


Deux questionnaires sont inclus. Le questionnaire de l'unité de Tapport est 
utilisé pour recueillir l'information sur le cott global et la main-d'oeuvre. Le 
questionnaire sur le projet est utilisé pour recueillir l'information décrivant les 
Projets de recherches individuels. Ces questionnaires devraient étre distribués aux 
individus responsables des projets de recherches particulier. 


Nous sommes au courant que Bruce et Maasland ont publié un rapport pour le 
Conseil des Sciences du Canada sur le statut des ressources en eau au Canada en 
1968 et qu'en 1979 Environnement Canada avait mis a jour leur inventaire. Plusieurs 
personnes, partout au Canada, ont pris wun temps considérable pour fournir les données 
essentielles de ces études. Notre devoir, en dirigeant cette troisidme étude, 
implique la soumission d'wm rapport au début de 1985, & la fois mettant A jour 
l'inventaire, et en identifiant les futures issues, opportunitées,contraintes et 
stratégies relatives & la recherche sur les ressources en eau av Canada. Les résultats 
- cette enqu@te seront utilisés par i'Enquete en vue d'une politique fédérale en matiére 

eau. 

Bien que nous demandons les noms des chercheurs, cette information sera utilisé 
seulement pour faciliter la catégorisation et le traitement. Les réponses seront traitées 
confidentiellement et aucun individu ne sera identifié par son nom dans le rapport. 


Pour que les réponses de votre département soit prise en compte totalement, nous 
avons besoin de recevoir le questionnaire compléter au plus tard le 14 septembre 1984. 
En some, nous espérons que vous les distriburez aussi vite que possible & vos 
chercheurs, et leur faire part de l'importance de recevoir leur commentaires. 


Si vous avez des questions, s'il vous plait, n'hésitez pas Aa nous contacter. 
S'il vous plaft, retourner votre correspondance a: 


Professor Edward McBean 
Department of Civil Engineering 
University of Waterloo 
Waterloo, Ontario, N2L 3Gl 


Sinctrement Sinctrement 
Bruce Mitchell, Edward McBean, 
Professor of Geography Professor of Civil Engineering 


(519) 885-1211 (Ext. 3064) (519) 885-1211 (Ext. 3349) 
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Science Conseil 


Council des sciences 
of Canada du Canada 


LE CONSEIL DES SCIENCES DU CANADA ET LA 
COMMISSION D'ENQUETE SUR LA POLITIQUE FEDERALE DE L'EAU 


ENQUETE SUR LA RECHERCHE DANS LE DOMAINE DE L'EAU 


Au cours des années 60, le Conseil des sciences du Canada a entrepris une 
étude importante relative aux recherches sur les ressources en eau, étude qui 
a donné lieu a la publication en 1968 de 1'étude de documentation n° 5, 
effectuée par Bruce et Maasland et intitulée La recherche dans le domaine de 
l'eau_au Canada, et du rapport du Conseil n° 3 intitule Un programme majeur 
de recherches sur les ressources en eau du Canada. De nouvelles questions (la 
pollution causee par les produits chimiques toxiques, les transferts entre 
bassins) prennent de plus en plus d'importance et exigent une réévaluation des 
besoins en matiére de recherche dans le domaine ce l'eau d'ici l'an 2000. Il 
y a quelques années, Environnement Canada a organisé plusieurs ateliers en vue 
d'étudier quelques questions pertinentes, mais non l'orientation future des 
recherches dans le domaine de l'eau. Le Conseil des sciences envisage donc 
d'approfondir davantage la question. 


Fort de l'autorisation du Cabinet, le ministre de l'Environnement a 
récemment établi une Commission d'enquéte sur la politique fédérale de l'eau, 
formée de trois membres et présidée par le D' Peter Pearse. La Commission 
d'enquéte a pour mandat de se renseigner a fond auprés des Canadiens et de 
leurs gouvernements; d'établir la nature des nouvelles questions; d'évaluer la 
quantité d'eau actuellement disponible ainsi que les besoins futurs en ce qui 
touche la conservation et l'utilisation de l'eau, et "d'évaluer les besoins et 
la nature des compétences additionnelles nécessaires en sciences et en 
recherches dans le domaine de la gestion des ressources en eau au Canada". 


Vu leur intérét commun 4 1'égard des futures activités de recherche dans 
le domaine de l'eau, la Commission d'enquéte et le Conseil des sciences ont 
accepté de parrainer conjointement des travaux dans ce domaine et ont conclu 
un marché avec MM. Edward McBean et Bruce Mitchell, professeurs 4 l'Université 
de Waterloo, aux fins d'exécution du projet. ‘ 


Ce projet mixte a pour but de : 


l. Mettre a jour le répertoire des activités de recherche dans le damaine de 
l'eau a partir des rapports publiés en 1968 par le Conseil des sciences et 
du document publié en 1979 par Environnement Canada, déterminer les 
modifications apportées aux travaux exécutés dans les divers domaines de 
recherche ainsi les modifications des travaux et du financement dans 
les secteurs fédéral, provinciaux, universitaires et privés. 


ghee 


=4, 


2. Determiner les priorités et les besoins futurs en matiére de recherche, en 
tenant campte des tendances actuelles et des nouvelles questions dans le 
damaine de l'eau, établies var la Commission d'enquéte sur la politique 
fédérale. 


3. Evaluer les programmes de recherche fédéraux en ce qui touche leur 
capacité de s'adapter aux priorités changeantes de la recherche, de la 
coordination et de la gestion des ressources en eau au Canada. 


Conseil des sciences du Canada Camnission d'enquéte sur la politique 
fédérale de l'eau 


merce ewe 


lem’ 


-E. Read Frank Quinn 
Conseiller scientifique Directeur de la recherche 


Relevé de la recherche sur les ressources en eau au Canada 


103 


Questionnaire de l'unité de rapport 


OS'S, SISO CL OO 86 te wea 6 6 'O10 610 4 ele 


Année rapportée 

NOTE: La période rapportée devrait étre d'une 
durée d'un an, soi l'anneé du calendrier 
1983, ou la fin de l'anneé fiscale, 1A du 


Adresse 


CFE 6 64 6 6'0 6s 6 & a breed aw Glee ae © 


Cee + 6:6. ¢ C66 6 66 Cee 6.6 a eels ea 6 


Vecewerewe eevee — Sita we ee eles & 


CCAS C BG O)8 Be §  @la @.016 @18.6) 8 6 6 © 


c'est plus -pracique (e.g., pour les agences 


fédérales, l’anneé fiscale 1983-4) 


Dépenses de recherche sur Recherche sur 


les ressources en eau sous-catégorie 


les ressources en eau par sous- Code # 

catégorie de recherche pour Anneé 1982 1983 1984 1985 1986 

chaque année 1982 - 1986. 82/83 83/84 84/85 85/86 86/87 
Nombre 

Groupe actuel ou couts de de projets X Xx x 

projec prévu selon les sous- (projet) 


catégories. Pour 1982 ec 1983 Dépenses 
indiquez aussi le nombre de en millierss 
projets. Si plus de 4 sous=- Fonctionnementc 
catégories sont rapportées, 

s'il vous plait, utiliser des Se 
feuilles additionnelles. Total 


Si des estimations raisonnables Recherche sur les ressources en eay sous-catégorie 
des coics de vos frais généraux Code # 
(overhead) pour l'espace, Anneé 1982 1983 1984 1985 1986 
1' énergie, 1’ administracion ae 82/83 83/84 84/85 85/86 86/87 
supérieure, etc., sont pape ae x x 
facilement disponible, inclure Pro] _—_- -— (projec) 
ceux-ci dans les cofits de Dé 
fonctionnement. Inscrivez la aes 
lettre H a cété du chiffre si 7 Milierss 
les frais généraux (overhead) adidas sph pana ee ee ade — 
sont inclus Capital 
Exclure les couts de capital Tocal 
pour la dépréciation et les 
allocations de capical pour Recherche sur les ressources en eau aie tee 
oot Ss anes: Anneé 1982 1983 1984 1985 1986 
Voir la feuille ci-jointe pour Nombre 82/89 85/ Re), 86/ 85 85/86".86/ 87 
les sous-catégories de recherche. de projets x X 
rage (projec) 


Dépenses 
en millierss 
Fonctionnement 


Capital 
Total y 
Recherche sur les ressources en eau sous-catégorie 
Code # 
Anneé 1982 1983 1984 1985 1986 
82/83 83/84 84/85 85/86 86/87 
Nombre 
de projets x xX xX 
Dépenses Aerojet 
en millierss 
Fonctionnement 
Capital 
Total : 
Sources de fonds en 1983 
Entrer les valeurs en pour- Canadien: Fédéral Provincial 
centage (basé sur le fonc- : 
tionnement et le capital Danyereare teouarese 
en 1983 = 100) Autre source canadienne (Sp@etfiez 5 ce cs neesnee ) 


Source étrangére 


Lh Si 


Effort professionnel: 
Pour la période rapporteé 


Pour chaque sous- 
cacégorie de recherche 
pertinence, s'il vous 
plait, donner la 
discipline ou la 
formation profession- 
nelle des participants 
ect notifier l'effort 
professionnel pour la 
période rapportée. 


Si de l'espace addition- 
nelle est requise, s'il 
vous plait, utiliser une 
feuille supplemencaire. 


Additions au personnel 
professionnel 1983-85 


Notifier les additions 
annuelles requises au 
personnel professionnel 
par les plus haut degrés 


gagnés. 


Numéro de code Discipline 
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Effort professionnel en homme par année (le plus rapproché de 1) 


de la sous- ou Doctorat Maitrise Baccalauréat 
catégorie formation 
professionnelle 
1983-4-5 Additions au personnel professionnel 
Discipline Doctorat Maitrise Baccalauréat 
1983 1984 1985 1983 1984 1985 1983 1984 1985 


i 


ee ee oy 


ee ey 


| 


Effort des techniciens Nom du champ Homme par année 

en homme par année ou (le plus prés de l'unité) 

par champ de formation métier 1983 1984 1985 

Pour 1983, inscrivez les 

valeurs actuelles. —_-_ -~--—S ss > 

Pour 1984,5, prévoyez 

l'addition annuelle 

requise. _____ _—_- ror — 

Nature des projets prévus pour le débuc de 1985 

8.1 Titre et/ou description en une LL QMO ius wisi d arepereteiecokorate sPolalalste) derevevers's eieiere 06 Sieratolass oe vie eas 
oe ma 68 seeeeeeeeeee- Numéro de code de la sous-catégorie de recherche 

8.2 Titre et/ou description en une ligne ....... ena Pop alone est atole, tretal Nalaie S108 syahewe aVeis etelere aes hares 
a ia od seseeeeeees-Num@ro de code de la sous-catégorie de recherche 

8.3 Titre et/ou description en une ligne ................ CEMA YON 
# Viste tains oe epee «© -Numéro de code de la sous-catégorie de recherche 

8.4 Titre ec/ou description en une LL gn@ wis: sis gietmomistetere esti casi ec ss 6e eC aels «hee kee ek 
rer ere ery +++eeessNuméro de code de la sous-catégorie de recherche 

O.3 Fitee. ation Maserinrton mn ume Lips Wee cs oo ee re sikh wisn he cu cee 


cere ereees eee eereseses 


de code de 


la sous-catégorie de recherche 


(Code venant de la liste ci-jointe) 


Nous apprécierions recsevoir une copie de vorre rapport annuel, si disponible. 


Ralevé de la recherche sur les ressources «8 eau au Canadas 


QUESTIOWNALRE SUR LE PROJET 


Institution ou agence ...--.---eeee Peveencsoneesuesceus 

(Mow et adresse) .....----- wee bec ecevieesaiccecuescesic Tee 

Année rapportte 

Mote: La période rapportée devrait frre d'une durée BS swaeseuus qaaeeu casas 
d'um an, soi l'année du calendrier 1983, Mois Année 
ou le fin de l'année fiscale, 12 od c'est A 
plus pratique (e.g., powr les agences (édérales, caovscace Sidiou.wwiee miele 
l'année fiscale 1986)-4). Mois sante 


Doanées sur le projet 


Bote: Lee questions 3 & 13 ci-deescus devrait @tre répondu pour chaque projet actif de 


10. 


12. 


13. 


l' aanée rapportée. Cette feuille de retour fournia de l'espace pour un maxioum de 
trois projets. Pour des projets edditionnels, utilisé soi des formulaires 

addicionnels ow joindre des feuilles supplémentaires avec les oumdros des questions 
et des ré es. 


Ticre du projec (Wingt MOCcS OF MOINS)... . ce cece rece renee ere eerenneaercrarrnereseeeres 
Brdwe description de lL’ objecti ls... ccc ccccccccccccccssccvecescncus Releseace wars 
Titre du projet (Vinge MOTE OU BONS)... reece eer ee ree ee reer ereeereeee 


Brdwe description de l'objectif..... cece eee ec cence eecennceneeeeeseees 


Tere e eee eee eee eee eee eee eee ee) Poem eee eee meme aera ree easssasseesssseees 


Titre du projec (vingt Mocs Ou MOiNS).... cece seer eee eeneees 
Brdwe description de l'objectif..... cece cece cece ceceesenes 


eee eee eeee ToT Teer eee eee eee eee eee eee eee ee eee eee ee eee eee 


Sous-cacdgorie de recherche 
Moce: inscrives les catégories les plus 
epplicable de la liste ci-jointe 


Bow du directeur du projet Kou 000 cccceceee fecseccccocs 
Treveil eur le projet sentiouné Do 
dans 1‘ année repportée cee eae 
Maitrise 
Beccaleurdac 


Aseistants sous- 
ETadués et poet- 
greduds 


Techmiciens 


Eat-ce que le projet était 
sollicicé par woe eutre agence? Encercles 


Est-ce que le projet était on 
cooperation svec we sucre agence 
durant la période rapportée? 

Mots: Un projet cooperacif est um projet 
dems le quel 2 institucions ou agences. 
ou plus sont sctivement engages dans ls 
recherche, ou we deuxiese institution 
fournie des instruments et des soyens 
techniques. $1 une deuxiewe institution 
supporte simplement le projet financiere- 
went, le projet ne sermit pas appele 


cooperatif. Encerclez 

Durée du projet. Ce projet 

a débuté es Molen Ei-ccnccccsst fivascceceles Ulitciecser 
année 

et eet préve @tre terminé os Moe beosccetcce ll cuieastececcime | hesne 
sande 

Cotc du projet dens la période rapportée. 

Moce: Inclure seulement les 

= Py Youctiornement 
coGce directs. Les couts de eiiiiare 


fonctiounemsst iacluent les 

ealaires, les woysges et 1' Capital 
entretien de 1‘ équipement $ Milliers 
comme articles typique. Les 
coGts de capital inclusac les 
instruments et les platesforues 
obeerventes. Exclure les — 
coGcs ds capital pour la depre- 
ciation et les allocations de 
capital pour les fournitures. 


Inscrives les sources Fédéral 
de founds (total de le 


Total 
$ Milliers 


question 10 ci-dessus) Previneial — 
per le pourcenctage Universicé 
eee de distri- Tnausexia Seave 2 
Autre source 
canadienne 
(Spécifies) 
Source 
etrangire a 


Ep utilisant les codts de 

l'année rapportée comme 100, 19e 
ectiaes les coOts des années 

précédences et suivenctes. 

(Par exemple, oi le code total 1966 

du projec écaic de 202 moins en 
1982 qu'en 1983 et le projec 
@tait cerminé em 1983, encres 
80 pour 1982 et 0 pour 198). 


Annexes ume liste des articles, des 
rapports et des publications 
résulcancs de ces projets, «3 
idencifiant chaque liste per le 
titre du projet. 
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EVALUATION DES BESOINS DE RECHERCHE 


Comme avec tous les questionnaires, leur distribution doivent @tre limités. 
Cependant, des réponses obtenues, nous devons extrapoler l'information pour 
caractériser sur la scene nationale, la recherche sur les ressources en eau au Canada. 
Ceci n'est pas une t&che qui est simple, ni une tache & prendre a la légere, d@ aux 
dangers important d'ommission et de duplication. Ainsi, quand vous completerez le 
questionnaire, s'il vous plait garder en mémoire: 


(i) la responsabilité de la recherche que vous reportez est pour: 
e.g. (a) vous comme un individu 
(b) la section, division ou unité dans laquelle vous travaillez 
(c) autre (spécifiez) 


(11) le questionnaire étant complété par un groupe de personnes avec différentes 
formations, cette maniére impliquant quelques questions pouvant @tre plus 
directement applicable a vous qu'a d'autres. 


5 RA Selon vous, quels sont les besoins et les priorités en matié@re de recherche 
sur les ressources en eau au Canada présentement et d'ici l'an 2000? Quelles 
issues sont probablement les plus importantes dans les années 1990 et que 
devrions nous faire en recherche maintenant afin d'étre prét a faire face a 
ces issues dans les anneés 1990? 


2 Quels changements devrions nous faire pour améliorer la capacité des programmes 
de recherche fédéraux afin de répondre aux priorités de changements pour la 
recherche sur les ressources en eau? 


3 Quels changements devrions nous faire pour améliorer la coordination des 
programmes fédéraux de recherche sur les ressources en eau apparenté aux 
différentes activités de recherche parmi les différents départements fédéraux 
ainsi que les gouvernements provinciaux, les universités et le secteur privé? 


4. Est-ce que les résultats de la recherche sur les eaux au Canada sont 
effectivement appliqués a la résolution de problémes pratique? Si non, 
quels sont les obstacles principaux a leur application? Que devrions ou 
pourrions nous faire pour améliorer l'utilisation des résultats de recherche 
sur les eaux dans les années 1990 afin de résoudre des problames pratiques? 


. Dans la planification et la direction de la recherche sur les ressources en 
eau, quelle proportion de votre temps de recherche en 1983 ou 83/84 a 6té 
alloué aux catégories suivantes? 


Mission 
Orientée 


Sans contrainte par 
mission ou mandat 


Recherche pure 
et fondamentale 


Recherche appliquée 


il{9) 


et Pr 107 


Selon votre estimation, quel serait un effort mixte approprié 4 un niveau national 
durant les années 1990? 


Mission 
Orientée 


Sans contrainte par 
mission ou mandat 


Recherche pure 
et fondamentale 


Recherche appliquée 


00 
Commentaires: . 


Les problémes de l'eau croisent des frontiéres disciplinaires et professionnelles, 
encore que la structure de la plupart des agences gouvermementales et des universités 
apaise souvent l'autre recherche interdisciplinaire ou l'intégration des résultats 

de recherche de différentes activités. 


(a) Quel pourcentage de votre travail de recherche a été fait dans un travail 
d'équipe? 


(b) Quand vous avez été impliqué dans un groupe de recherche est-ce que les autres 
individus avaient une formation disciplinaire ou professionnelle similaire 
a la votre? 


(c) Quel action le gouvernement fédéral pourrait-il prendre pour encourager 
encore plus, dans le futur, la recherche interdisciplinaire? 


Dans un pays aussi vaste et diversifié que le Canada, les issues régionales de 
ressources eneau peuvent etre bien différentes. Quel action pourrait bien prendre 
le fédéral pour assurer que les programmes de recherches sur les ressources en eau 
répondent, dans le futur, plus efficacement aux différents besoins régionaux? 


Quelles sont les contraintes majeures - manque de fonds, votre temps, manque de 
personnel professionnel, manque de techniciens, espace inadéquat, équipment 
inadéquat ou autre (?) - qui jouent un vaste role dans la recherche sur les 
ressources en eau dans votre organisation? S'il vous plait indiquer les priorités 
et commenter briévement. 


Si votre travail a résulté en publications, quel pourcentage a 6té publié dans des 
jourmaux canadiens? Quelles sont les raisons de vos décisions de publier dans 

des journaux autre que canadiens, quand ils existent? Quels changements sont 
nécessaires pour vous encourager de publier plus, dans le futur, dans des 

jourmaux canadiens? 


Dans votre propre recherche, quand vous considérez le role du gouvernement 
fédéral dans la recherche en eau au Canada, quels sont les issues les plus 
importantes et les besoins demandant une attention dans les prochaines années? 
S'il vous plait, indiquer les priorités. 


Quels issues et besoins recevants une attention considérable durant la dernitre 
décade pourrait, selon votre estimation, recevoir ume attention moindre dans les 
2 prochaines décades? 


rE Hs 
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Autres commentaires/suggestions: 

Les questions suivantes sont destinées aux personnes en relation avec l'université, 

bien que nous souhaitons les commentaires de tous autres partis intéressés. 

a. Est-ce que les professeurs devraient avoir la permission d'acheter & l'extérieur 
(buy out) ume partie de leur t@che d'enseignement (ot une partie de l' argent 
de recherche est utilisé pour engager d'autres individus pour assumer une partie 
(mais pas en totalité) des responsabilités d'enseigmement?) 

a Combien de propositions de recherche avez vous écrit et, de ceux-ci, combien 
ont 6té consolidé durant la période Yrapportée? Quelle était la raison majeure 
pour laquelle vous avez préparé le nombre que vous avez rapporté et pas plus? 

ae Si vous avez un centre désigné pour la recherche sur les ressources en eau A 
votre université, s'il vous platt, fournisser: 

(a) son nom: 
ee a Se ee 
(b) la date a laquelle il a été 6tabli: 
(c) sujets/champs d'activités de la recherche sur les ressources en eau dans 
lequel il est spécialisé: 
Se 
(d) le nombre d'employés en 1983 
(e) le statut (est-ce que le centre a une entité formelle?) 

4. De quelles sources avez vous recu vos fonds Pour supporter vos étudiants gradués 
(ceci n'inclus pas les boursiers et les individus supportés par eux-mémes) 
travaillant dans le champ de la recherche sur les ressources en eau? 

CRSNGC CRSHC CNR SCHL ENV. FEDERAL PROVINCIAL  SECTEUR AUTRE 


CANADA AUTRE (SPECIFIEZ) PRIVE 
DGEI (SPECI FIEZ) (SPECIFIEZ) 


TOTAL 
= 100% 


Vos efforts en vue de compléter le questionnaire sont grandement appréciés. 
S'il vous plait, retourner vos questionnaires complétés 2: 


Professor Edward McBean 
Department of Civil Engineering 
University of Waterloo 
Waterloo, Ontario, N2L 3Gl 
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ATTENDEES AT THE WORKSHOP 
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Kitchener in 
affiliation as of the workshop dated. 
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APPENDIX II 


Listed below are the participants involved in the workshop held in 


P. Ashton 


B. Ayles 


R.D. Bailey 


W.F. Cardy 


A.H.J. Dorcey 


M. Gilbertson 


D.H. Lennox 


F. Quinn 


D. Read 


H. Regier 


G.K. Rodgers 


M. Slivitsky 


G.C. Topp 


November 


Indicated also are the individual's 


Intergroup Consulting Economists Ltd. 
Winnipeg 


Freshwater Institute 
Fisheries and Oceans 
Winnipeg 


Water Resources Division 
Department of Indian & Northern Affairs 
Ottawa 


Water Resources Branch 
Environment New Brunswick 
Fredericton 


Westwater Research Centre 
University of British Columbia 
Vancouver 


Fish Habitat Management Branch 
Ottawa 


National Hydrology Research Institute 
Environment Canada 
Ottawa 


Inquiry on Federal Water Policy 
Ottawa 


Science Council of Canada 
Ottawa 


Institute for Environmental Sciences 
University of Toronto 
Toronto 


National Water Research Institute 
Environment Canada 
Burlington 


INRS - Eau 
Ste-Foy, P,Q. 


Land Resource Research Institute 
Agriculture Canada 
Ottawa 


J. Whiting 


S.0. Winthrop 


B. Mitchell 
(Convener) 


E. McBean 
(Convener ) 


LiL 


Saskatchewan Research Council 
Saskatoon 


Environmental Health Directorate 
Health and Welfare Canada 
Ottawa 


Department of Geography 
University of Waterloo 
Waterloo 


Department of Civil Engineering 
University of Waterloo 
Waterloo 


Gorvrertapecet 


eS Eeiy-o on Federal Enquéte sur la politique 
= ‘Water Policy fédérale relative aux eaux 


~ Research Papers Documents de recherche 
nuns \ 
Sarr Woo 


ee Nt 


a ae 
J ae 7 


ALTERNATIVE FUTURES OF CANADIAN WATER USE 
1981-2011 


by 


Donald M. Tate 


Canada 


Inquiry on Federal Water Policy 
Research Paper # 17 


ALTERNATIVE FUTURES OF CANADIAN WATER USE 
1981-2017 


by 


Donald M. Tate 


Inland Waters Directorate 
Environment Canada 
Hull 


May 1985 
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THE INQUIRY ON FEDERAL WATER POLICY 


The Inquiry on Federal Water Policy was appointed by the 
federal Minister of the Environment in January of 1984 under the 
authority of the Canada Water Act. The members were Peter H. 
Pearse, chairman; Frangoise Bertrand, member; and James W. 
MacLaren, member. The Inquiry was required by its terms of 
reference to review matters of water policy and management within 
federal jurisdiction and to make recommendations. 


This document is one of a series of research papers 
commissioned by the Inquiry to advance its investigation. The 
views and conclusions expressed in the research papers are those 
of the authors. Copies of research papers and information on the 
series may be obtained by writing to the Enquiry Centre, 
Environment Canada, Ottawa, Ontario K1A OH3. 


rah Qeerivd 


Frank Quinn 
Director of Research 
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Abstract 


Projections of withdrawal water use in Canada, its five major regions and 47 
major river basins are contained in this research report. The time period 
covered by the forecasts carried out here is 1981-2011. The methodology used 
is based upon structural modelling, employing a thirty-sector regional input- 
Output model, augmented for use in a water demand projection mode. Major 
variables used in the forecasting were economic activity levels, production 
technology and water use practices, as defined in the first chapter. The 
effects of a concerted effort at promoting water conservation were also 
modelled. 


An alternative approach to the forecasting problem is outlined in chapter 
five, using the Red Deer River basin as a hypothetical case study. The advan- 
tages of this simulation modelling approach relate to the integration into the 
water use forecasting process of water supply considerations, and the ability 
to conduct studies on a river basin and subbasin level, as Opposed to an eco- 
nomic region level. 


Six recommendations for further work are made in the final chapter. 


Résumé 


Ce rapport de recherche contient des projections sur l'utilisation de l'eau 
hors de son cours normal pour le Canada, pour chacune de ses cing régions 
majeures et pour chacun de ses 47 bassins principaux. Ces prévisions couvrent 
la période 1981-2011. La méthodologie utilisée repose sur l''emploi d'une 
modélisation structurée elle-méme basée sur un modéle régional d'entrée-sortie 
a 30 secteurs; ce modéle a été modifié afin d'étre utilisable dans le domaine 
de la projection de la demande en eau. Les principales variables utilisées 
pour ces prévisions sont les niveaux d'activité économique, la technologie de 
production et les pratiques habituelles d'utilisation tel que décrites au cha- 
pitre 1. Les effets d'un effort concerté afin de promouvoir la conservation 
de l'eau ont aussi été modelisées. 


Une approche différente du probléme de la prévision est décrite au chapitre 
59. Le bassin de la riviére Red Deer y est utilisé comme étude de cas hypothé- 


tique. Les avantages de cette approche simulative sont liés a 1'intégration 
dans le processus de prévision de considérations sur les approvisionnements en 
eau de méme qu'a la possibilité de faire des études au niveau du bassin et des 


sous-bassins d'une riviére par opposition A la simulation A 1l'échelle d'une 
région économique. Le dernier chapitre contient six recommandations quant aux 
travaux futurs dans ce domaine. 
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Summary 


Projections of withdrawal water use in Canada, its five major regions and 47 
major river basins are contained in this research report, commissioned by the 
Inquiry on Federal Water Policy. The time period covered by the forecasts 
carried out here is 1981-2011. The methodology used is based upon structural 
modelling, employing a thirty-sector regional input-output model, augmented 
for use in a water demand projection mode. Major variables used in the fore- 
Casting were economic activity levels, production technology and water use 
practices, as defined in the first Chapter. The effects of a concerted effort 
at promoting water conservation were also modelled. The range of expected 
withdrawal and consumptive water uses for Canada and the regions to 2011 are 
shown in tabular form as follows. 


EXPECTED RANGES OF WATER USE, CANADA AND REGIONS 


1981-2011 (MCM) 
2 ee ee ee ee ee 
Region Intake Consumption 
Cn a 
Low* High’ Low* High** 
BAC. 1981 3789 3789 487 487 
ee 5d 3950 5043 os 645 
2001 3989 6623 508 850 
2011 3720 8057 464 1046 
Prairie 1981 5363 5363 2256 2256 
1991 6167 7569 2494 4 Nae fF 
2001 6580 10158 2485 4227 
2011 6687 12895 2262 5318 
Ontario 1981 21230 21230 589 589 
LeoL 23987 28355 FLL 776 
2001 26925 38146 649 1031 
2011 29235 48258 625 1291 
Québec 1981 4252 4252 435 435 
1991 4523 5514 428 525 
2001 4567 7184 417 661 
2011 4327 8901 380 804 
Atlantic 1981 2884 2884 139 139 
1991 3222 3795 150 179 
2001 3529 4902 153 223 
2011 3764 5929 151 263 
Canada 1981 37518 37518 3906 3906 
199] 41848 50275 4292 5298 
2001 45589 67011 4212 6990 
2011 47738 84039 3882 9025 


Scenario 2, as defined in Chapter three 
** Scenario 5, as defined in Chapter three. 
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An alternative approach to the forecasting problem is 
outlined in Chapter five, using the Red Deer River basin as a 
hypothetical case study. The advantages of this simulation 
modelling approach relate to the integration into the water use 
forecasting process of water supply considerations, and the 
ability ‘to conduct studies on a river basin and subbasin level, 
as opposed to an economic region level. 

Six recommendations for further work are made in the final 
chapter. In summary form, these are: 


1. The major focus of future water demand studies at the federal 
level should be at the major river basin level, and should be 
oriented toward comparing available supplies with current and 
projected uses, using a simulation modelling approach such as 
that suggested in Chapter five. 

2. The structural model of Chapter two should be developed 
further in order to obtain regional overviews of emerging 
water demands. 

3. The range of alternatives for water conservation and their 
impacts on water demand should be studied and assessed with 
regard to their impacts in reducing water demand. 

4. The impacts on water demand of emerging production technology 
may be substantial, and should be examined beyond the analysis 
Contained in this report. 

5. Water use data for industries and municipalites should 
continue to be collected on a regular basis to provide basic 
information for future water demand forecasting exercises. 

6. Research should be carried out to integrate nonwithdrawal 
water uses into the forecasting framework established in this 
report. 
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CHAPTER 1 
INTRODUCTION 

rear Need for, the, ro ject 

The i of water is one of the most fundamental transactions 
between fa/and nature. It is an integral part of most of man's 
activities, and,,in turn, water is affected greatiy by man's use 
of the resource. When considering the economic and social 
development of a nation, one important but often underplayed 
issue relates to water use. Will there be enough water to support 
development? Will it be of adequate quality, in the right 
location, and available at the right time to be of use? Can 
society achieve the desired degree of development while 
preserving and conserving available water resources? Are water 
transfers required to achieve development? In answering these and 
other equally important questions, one fundamental piece of 
required information is a set of water use projections over a 
fairly long term period (e.g. thirty years). 
1.2. Purpose.of the Project 

This project is one of a series of research investigations 
commissioned by the Inquiry on Federal Water Policy (the 
“Inquiry”). The overall purpose is to forecast water uses in 
Canada, its five regions and its major river basins to the year 
2011. #The forecasts will be broken down to the latter level to 
facilitate comparison of future water uses with supply 
conditions. The latter task is assumed here to be one of the 


analyses to be carried out by the Inquiry staff. 


The remainder of this chapter deals with the scope of the 
project. Chapter two contains a detailed discussion of the 
methodological framework used in this research. It may be 
skipped if the reader is interested only in the substantive 
findings. Chapter three documents the selection of alternative 
futures which underlie the water use forecasts. The results of 
the principal research investigations of this project are 
outlined and discussed in Chapter four. Based upon limitations 
identified in this chapter and on research currently underway but 
not yet completed, Chapter five outlines “an “alternative 
forecasting approach. Finally, Chapter six draws the major 
conclusions and implications from the study. The water use 
forecasts themselves plus the background of historical water use 
constitute the principal conclusions of the report. It is beyond 
the scope of this project to draw conclusions about water 
Supply:use imbalances across the country. 

[e353 Beoperor ithe Project 

Ie.3.1. Forecasting Time Horizon 

As noted above, the water use forecasts prepared during this 
project cover the 30-year peried” TIST=2011? “This time period 
posed many problems of uncertainty, which will be discussed 
below. In spite of these problems, a thirty year period is 
required in view of at least three factors. First, water projects 
require lengthy planning and implementation periods. These long 
planning and construction times required in the water resource field 
stand in marked contrast to most business decisions, which require 
shorter implementation times, and therefore shorter forecasting 
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horizons. Second, water related structures are permanent and 

expensive capital assets and, accordingly, should be planned with some 
idea in mind of future water use conditions over the long term. 

Third, gegen projects tend to affect many persons and activities for 
long periods of time. Thus, again, good planning requires a long 
Panrewview ot the future. 

The chief implication of a 30-year forecasting period is a 
large degree of uncertainty. While water use forecasts can be 
prepared simplistically by extrapolating past trends, such 
procedures are of limited usefulness. Trend is definitely not 
destiny, and much of the work in any water use forecasting 
exercise must be devoted to attempting to cope with economic, 
social, technological and policy uncertainties in the future. 

1.3.2. Basic Approaches to Forecasting 

Study of the future and the preparation of forecasts has 
grown over the past two decades into a virtual industry, with its 
set of academic journals, university courses and frequent 
conferences. Although the array of forecasting techniques is 
formidable, it can be divided into those techniques which are 
analytic in nature, and those which can be termed futuristic. 

The analytical techniques involve detailed computer models, 
large amounts of quantitative data and a general reliance on the 
traditional logical positivist approach to the subject. Forecasts 
tend to rely on those variables which can be quantified, and the 
effects of factors such as lifestyle variations, social trends 
and other unquantifiable variables are downplayed. The 


advantages of analytic procedures for forecasting lie in the 
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quantitative answers which are produced, the availability of 
computer techniques and the built-in logical relationships 
between variables. Disadvantages are several and substantial. 
The forecasts: are at) best partial din nature, hor, onky those 
variables modelled can be displayed. Significant changes in the 
society in lifestyles or social attitudes may be equally 
sienificant to the quantified factors, in changing) water aeée and 
yet remain unconsidered. 

Futuristics, on the other hand, tends to be a broader and 
more wholistic approach than analytic modelling. The approach 
considers not only trends which are quantifiable, but also 
broader issues. such as the social context .of the ftutune, 
litestyles, ethics and philosophies... Being wholdistic dn nature, 
futuristic approaches are more difficult to model mathematically. 
Rather, techniques such as Delphi panels, content analysis,. and 
 bratnetormt we, sare, used. 

The distinction between these two classes of techniques is of 


interest here because this project is based very much on the 


analytical approach. Variables which are quantifiable and which 
are thought to be important in determining the level of water use 
in various activities have been combined in a mathematical model 
to produce tduantitative “forecasts. Unquantifiable factors have 
been omitted. <Adso, the forecasts contained here are . positive.” 
in nature, in that they show what, would happen.to water use .1f 


specified conditions emerge. This stands im contrast -to 


so-called “normative” forecasts which focus upon specifying what 


should occur to achieve specified goals (e.g. maximum economic growth). 


=k 


Normative forecasting has not been attempted here because it has not 
been posible to prescribe the ideal future or to define even the 
most desirable social goals to be sought. In some quarters, the 
dice’ ‘we this exercise would be termed “projections”, not 
forecasts. No distinction has been made in this report between 


these terms. 


1.3.3. Water Use Types and Definitions 


In discussions of water use, a distinction is commonly drawn 
between withdrawal and nonwithdrawal uses. Withdrawal uses refer 
to those activities, such as the provision of municipal or 
industrial water supplies, which take water from some ambient 
Water 6ouTrtCe, Use it as required, and” treturn some “or-adll efit to 
the ambient source. Nonwithdrawal uses employ characteristics of 
he water resource “as Lt occurs inm@iles naturalestate. Common 
examples of the latter type of usage are hydroelectric power 
generation and water-based recreation. The distinction between 
these two types of usage is important here, because this research 
pertains mainly to the former type of use. Many of the concepts 
employed here would be inappropriate for a study of nonwithdrawal 
water use. 

In collecting data and conducting research on industrial 
water use, the following concepts have been used (Figure oe 
Water is taken into a plant by way of some type of intake system 
composed of pipes, pumps and intake treatment. The amount of 
water taken in for first time use is termed “water intake” or 
simply “intake”. To produce a product or service, some total 
amount of water is used; this amount is referred to as “gross 
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FIGURE 1.1 A GENERALIZED DIAGRAM OF AN INDUSTRIAL 
PLANT WATER Spe uted! 
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water use". The arithmetic difference between water intake and 
gross water use is made up of “water recirculation .~) Im thele 
use of water, all users are considered as having water intake and 
gross water wee; not all recirculate water, Many relatively 
small users and some users adjacent to large water bodies may 
employ “once through” water systems, in which water is taken into 
the plant, used and discharged, with no recirculation at all. 

The ratio of gross water use to water intake is called the 
"use rate", and is an index of water recirculation in a plant of 
activity. The minimum value of the use rate is te Grer ocuce 


through systems); the ratio increases as more and more water is 


recirculated, and may reach values of 15 or higher. To 

quantify the amount of water recirculated, on the survey which 
constitutes the major source of water data for this project 
(Canada, 1985dsetadustrial.firnse.were asked to estimate the 
amount of water which would have been required had there been no 
recirculating system; this amount is the Sross water use at the 
plant. From this amount was deducted the amount of water intake, 
the residual being taken as the amount of recireulation, 

On the discharge side of a typical plant water circulation 
System three components are apparent. “Water discharge” is the 
amount of water put back into receiving waters after wSeyweaind). eden 
many cases, subsequent to some form of waste treatment. The 
arithmetic difference between water intake and water discharge is 
termed “water consumption”. The third discharge component of the 
System is composed of water recirculation, discussed in the 
previous paragraph. The ratio of water consumed: water intake 


. 


is called the “consumption rate“ and varies in value between 0 
and 1. 

In making comparisons of water use with available water 
supplies, both intake (Canada, 1972) and consumption (Wolman and 
Bonem, 1971) have been used, Neither measure is completely 
satisfactory. Water intake denotes the total instantaneous 
withdrawal from an ambient water source by a given set of 
industries. Most or, in some cases, all of this water is 
returned to the watercourse from which it was withdrawn, and 


therefore does not constitute a “loss” to water quantity. 


Alterations which may occur as the result of industrial use, such 


a, ee 


as water quality degradations, are acknowledged but not addressed 
Lip eth s. Leporc « 

Water consumption, in contrast, is a measure of water 
apparently lost during a plant's: operation, consisting of 
components such as evaporative losses, water incorporated into 
products, water removed from the plant Site to+Fandrrib"sites, 
and other such losses. The concept of water consumption thus 
measures the water loss at a particular location. But this 
concept does not necessarily indicate losses to the water 
resource system as a whole, even in a local area. Evaporative 
losses may fall subsequently as precipitation; products which 
incorporate part of plant water intake may be used in the local 
area, with the water re-entering the watercourse near the plant; 
water in wastes deposited in local landfill sites will eventually 
re-enter the local water system. Thus, water consumption may not 
be a true indicator of water loss to the local or regional water 
supplies. As used here, the concept of water consumption is 
relative co tbe industrial operation itself and not to the 
concept of the hydrologic cycle. 

1.3.4. Spatial Focus 

The research consisted of two separate spatial contexts. 

Most of the work was performed at the national and regional 
levels. The regional level refers to the five major Canadian 
political-economic regions: the Atlantic (Newfoundland, Prince 
Edward Island, Nova Scotia and New Brunswick), Quebec, Ontario, 
the Prairies (Manitoba, Saskatchewan and Alberta) and British 
Columbia. The two Northern Territories were not included because 
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they contained a negligible amount of withdrawal water use, and 
because water use:supply balances are generally not a problem in 
these areas. The national:regional work was carried out to 
ee a uniform set of forecasts for the major regions of the 
country. The regional forecasts were broken down on the basis of 
current proportions into estimates of future water use for each 
major river basin. The basin estimates were considered to 
reflect the water use of the entire basin area, and may be used 
in making preliminary supply:use comparisons. 

lide 3e) eonomic- Sectors 

The national:regional model was built to be comprehensive in 
its coverage of economic sectors. Work was performed at the 
two-digit level of Statistics Canadas Standard Industrial 
Classification(SIC) system. The model consisted of 30 sectors 
(Table 1.1),. 5, prigercy, Sectors, 19 secondary sectors and 6 
tertiary sectors, which included 2 sectors covering municipal 


® 
water use. Three of the tertiary sectors (construction; 


transportation, storage and communication; and “other”) contained 
no water use, and were included merely to preserve the 
comprehensiveness of the model. 

The rural domestic water use sector, although accounted for 
in the 1981 water use totals, were not forecasted. Rural domestic 
usage, the use of water in rural residences, accounted for less 
than 1% of total Canadian water withdrawals (see Chapter 4). It 
did not correspond, for forecasting purposes to any of the 


input-output sectors. An attempt was made to forecast it as part 


of the agriculture sector, but this was not successful since 
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WATER USE SECTORS 


TABLE 1.1 
Industry Number Description 
ib Agriculture 
Zz Forestry, Fishing, Hunting 


and Trapping 
3 Metallic Minerals 
4 Mineral Fuels 
=) Non-metallic Minerals 
6 Food and Beverages 
7 Tobacco Products 
8 Rubber and Plastics 


9 Leather Products 
10 . Textiles, Knitting Mills and Clothing 
wal Wood Products 
le. Furniture and Fixtures 
13 Paper and Allied Products 
14 Printing and Publishing 
HES Primary Metals, except Iron and Steel 
16 Iron and Steel 
17 Metal Fabricating 
18 Machinery 
19 Transportation Equipment 
20 Electrical Products 
foal ' Non-metallic Mineral Products 
Ze, Petroleum and Coal Products 
23 Chemicals and Chemical Products 
24 Miscellaneous Manufacturing 
ZED) Construction 
26 Transportation, Communication 
and Storage 
27 Electric Power 
28 Gas and Other Utilities 
29 Wholesale and Retail Trade 
30 Other (i.e. Finance, Insurance, 


Real Estate, etc.) 


ei 


agricultural water use is tending to increase, while farm 
population is falling. Neither did the sector fit logically into 
the population-related “industries” of the tnptroutputatabiles 
Eee rural domestic sector was not included in the forecasts 
eontained gdn~this, report. 

In the main report, water use forecasts will be reported for 
five aggregated sectors: agriculture, mineral extraction, 
manufacturing, power generation and municipal uses. Detailed 
data on each of the 30 sectors are available upon request. 

1.3.6. Primary Research Emphasis 

The primary variables considered in this research were 
economic activity levels, the state of production technology and 
various types of water use practices. This selection was made 
because the author recently found, in another piece of research 
(Tate, 1984) that these three factors working together could 
account for all of the change in water use through time. The 
economic factor was responsible for large increases in 


inter-period water use. The increases were offset by trends in 


production technology, which tended to lower water use. The 
water use coefficient factor had a small and variable (in sign 
terms) effect on total water use. Choice of approaches to the 
research was based upon an extensive methodological review 
carried out previously by the author (Tate, 1984a, Chapter 3). 

The approach used for the national:regional analysis was based on 
a structural model of the five regional economies, augmented to 
include the analysis of water uses. This 30-sector model produced 


consistent estimates of water use for each region under a variety of 


-j]jl- 


assumed future scenarios. Economic activity levels were reflected in 
these regional models as final demands for goods and services. 
Production technology was assumed to be captured by the input-output 
inverse matrices used. Water use practices were modelled by means of 
water use coefficients. The complete structural model is described if 
Chapter 2: 
(I a das Coping with Future Uncertainty 
The hallmark of futures studies is a large degree of 
uncertainty, and that is certainly the case in this pieéee of 
research. Uncertainty arises in virually every facet of this 
work. Economic forecasting, beyond a one or two year period 
enters the reer of speculation. Forecasting technological and 
structural change is even more speculative. Water use practices 
by industrial’ plants is the’ product of many unpredictable 
decisions. These somewhat gloomy and negative statements are 
made, not to express the imprecise nature of the forecasting task, but 
to place into perspective the methodology and outcome of this Sew vis 
It follows from the assumption of uncertainty that unitary 
forecasts of future water use are not very useful. The chance of 
being accurate on a forecast of water use 30 years hence are 
VETLMaLiy eta. In any event, one predicted value for the future 
is much less useful for planning and management purposes than a 
knowledge of a range of possibilities and a prediction of how 


water use will react to changes in the underlying variables. The 


latter two tasks are the real challenge of the research. 
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The “alternative futures" approach has been used here to 
offset partially the uncertainty factor. The approach, which was 
formalized by the U.S. National Water Commission (1973), 
eee eee upon developing a range of values for each major 
variable underlying water use, and grouping these values into 
logical and consistent views of the future. Examination is then 
made of the impact of each future view or “scenario” on water use 
in each sector. The alternative futures approach as used in this 
research is documented in detail in Chapter 3. 


bt 3S 4 Issues of Water Demand Management and Water Pricing 


In Canada, as in much of the rest of the world, water has 


traditionally been considered a "free" good. Approaches for 
water use forecasting have tended to view the future as a series 
of “requirements”, which had to be met. However, many studies 
(ares (Grins, 197e: Howe, 1968= de~Rooy, 1972, Kindler and 


Russell, 1984) have demonstrated that water use, in most 


activities and beyond certain minimal amounts, displays a 


“negative price elasticity”, such that an increase in water price 
leads to a decrease in demand. This type of behavioral finding 
suggests that the level of water use can be manipulated, not only 
through pricing, but also through a variety of “demand 
management” measures. There are few Canadian studies in this 
area, despite the fact that demand management may offer many cost 
savings for water resource development in the future. Tiss 
while definitive answers are not possible as to the impact of, 
say, price on water use, some attempt will be made here to 


provide some indications of these impacts. 
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lv Je? Ie POreceets in Perspecuive 

A note of interpretive caution is added at the end of this 
chapter. It is often true that an audience unfamiliar with the 
problems of forecasting will take the output of a study such as 
this as the true shape of the future. ‘This note is intended to 
dispel such a notion. The forecasts contained here are hampered 
in at least two major ways. First, the problems of uncertainty 
have been described. Second, the methodology used, while soundly 
based and the best one possible given the circumstances, it is 
quite far removed from that of an ideal study. Thus, the 
interpretation given to these results is related more to the 
reaction of water use to a given series of conditions than as a 


series of “requirements” to be met. In chapter 5, some discussion 
is given of an alternative approach to water use studies which would 
be possible given a longer study period. This approach would 


supplement and improve the results obtained in the main part of the 


paper. 


pis: 


CHAPTER 2 
METHODOLOGICAL OVERVIEW 

This chapter provides an overview of the methodology used in 
ee fc. the water use forecasts produced during this PiTOWere E- 
The principal model employed is outlined at the level of detail 
considered necessary in this report, although many technical 
points have been omitted; these may be found in the references 
contained here. The methodology for the simulation modelling 
exercise is outlined separately in Chater five. 
Ze l an Overview and Comparison of Methodologies 

This section comprises an overview of six distinct types of 
methodologies which have been used in the past for water use and 
demand forecasting. These methodologies are dealt with summarily 
here; more detail may be found in Whittington (1978), Kindler and 
Russell (1984) and Tate (1984a) 

2.1.1 The Coefficients Approach 


Many water use studies (e.g. Cass-Beggs, 1961; Canada, 1972) 


have been based upon the coefficients approach, which is the 


simplest approach to water use forecasting. A relationship is 
assumed between water use and one (independent ) Vabhable, ssuch fas 
time, employment, or level of output. A coefficient of water use 
per unit of the independent variable is calculated or assumed 
from other sources. This coefficient is taken as constant over 
the forecasting time horizon, and is multiplied by forecasts of 
the independent variable to produce water use forecasts. This 
“methodology” is cheap to implement in time and cost terms, but 
is normally unreliable in the absence of any theoretical basis 
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for linking water use to one independent variable and for 
Proveceinge GEnis srelationsip Mintomehe Vhuture. 

2.1.2 The) Regression Approach 

This type of methodology is based on multiple regression 
analysis. Relationships are hypothesized between water use and a 
number of independent variables, such as output levels and types, 
recrrculation Tate's, ‘water price, sere. Staeisitica ly data fare rpthen 
collected on the hypothesized relationships, and used to 
calibrate the regression equation. Future values of the 
exogenously projected independent variables are then used in 
conjuction with the regression equation to project water use. 
This type of methodology is a substantial improvement over the 
coefficient approach, being’ based upon testable hypotheses and a 
titm “statistical foundation. Its wide application in studies 
such as the present one is limited, however, because it must be 
(Eflstibowe=el” eve) Ar glalredlyy homogeneous SeOUpi nes OL inauser val. Or 
municipal water use (see Rees, 1969; Grima, 1972). While this 


presents mio "Linit attbonm *iftithe *‘requieire studiesitexPet? it fs.°a 


severe limitation "in resource *terms “Lf ‘they do not; as is “the 
case in Canada. For these and other reasons summarized in Table 
2.1, the regression approach was rejected as the basis of this 
Proqect. 

2.1.3 The Demand Management Approach 

As used in this paper, the demand management approach to 
water use forecasting refers to studies in which a price:quantity 
relationship is used to define an equilibrium between water use 
and water supply. Water supply shortages under this approach are 
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met through a combination of water price rises (to decrease 
demand) and supply augmentation where this is shown to be the 
most economically efficient approach. In Canada, few studies 
have been made which could be classified under the demand 
management approach (e.g. Grima, 1972; Canada, 1975; Sewell and 
Roueche, 1974),. and thus, the, required statistical, basis, for, using 
it generally is not available. The resources were unavailable to 
carry out a full demand management approach during the present 
project, although the topic of demand management was explored in 
one of the scenarios developed as the basis of the water use 
forecasts (Csee Chapter three). 

2.li4e.) The Process, Madeid lingsApproach 

In contrast to the methodologies outlined to this point, 
which treat the actual operation of the water using process as a 
“Doacky Dom. che process modelling approach attempts to model 
water use as an integral part of the production process under 
study. Examples of this approach may be found in Russell, 1973), 


Russell and Vaughn (1976) and Kindler and Russell (1984). The 


forecasts produced are of high quality, since water use and the 
productive process are’ closnel yolinked,,, and. subjects isuch. as 
technological change can be addressed specifically. The 
limitation of the approach in a broad regional study is that each 
operation (éesg¢. ane industrial plant) must be dealt with 


individually, imposing very high time, labour and budgetary 


costs. Lhe approach  iwals) not wsiedehere:. 
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tut tre “ihe Structural Modellitc. Approach 

Structural modelling of water uses is founded upon the use of 
input-output models (see Richardson, 1972; Myernick, 1965) to 
forecast water use. The approach incorporates a comprehensive 
view of the economic structure under consideration, and is 
relatively straight-forward to implement. It is the basis of 
much of the research in this project and will be described more 
fully in the following section. 

2.1.6 The Simulation Modelling Approach 

This approach relies upon relating the variables underlying 
water use in a logical and consistent fashion into a computerized 
model. This model, once calibrated, can then be used to produce 
water use forecasts for a variety of future conditions. 
Simulation modelling is outlined in more detail in Chapter5. 
2.2 Structural Modelling of National and Regional Water Use 

The model used in examining future water use in Canada and 


its regions is based upon input-output analysis, as indicated in 


beetion 241.5% Input-output analysis is an econometric technique 


which examines the flows of goods and services in an economy, 
both between the industrial production sectors themselves and 
from those sectors to the points of final consumption, or final 
demand. The analysis is based upon an input-output transactions 
table, such as the one shown in Figure 2.1. The X factors refer 
to interindustry flows. For example, we refers to the flow of 
product from industry i to industry j. Ce... G and Eb reter to 
the final demand sectors, namely consumption by households, 
private investment, government purchases and exports, 
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Figure 2.1 A Simplified Input-Output Transactions Table 


Purchasing Sectors Final Demand Sectors 
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respectively. These are the final points of consumption for the 
goods and services produced. L and V refer to input from primary 
sources external to the production system, in this case labour 
and sence value added repectively. Reading across the rows of 
the table, one can determine the distribution of the product of 
each industry, to itself, to other producers and to the various 
final demand sectors. Conversely, reading down the table, one 
sees from where each industry draws its inputs. As portrayed in 
the bottom row and right-most column, total inputs to each 
industry balance total outlays. 

Input-output tables can be used to formulate accounts 
comparable to the system of Keynesian national accounts used 
traditionally in government descriptions of production in the 
economy (e.g. gross national product). However, the normal use 
of an input-output table is as the basis for a model linking 
changes in industrial production to changes in final demand, and 
for examining the processes of structural and technological 
change. Although many forms of input-output models exist, the 
one described below is probably the most basic, having a 
“square”, or industry-by-industry format and pertaining to a 
single region or a nation as a whole. 

For industry-by-industry models, the set of producing sectors 
is identical to the set of purchasing sectors. The relationships 
between total output, intermediate output and final demand for 


any industry can be stated as: 
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n 
S.. huts + y. GEqh 2 cases) 


at yaa a af 

wheresx = the sum of sales sfrom indugéry  tovindudtry oi; 
x = the total value of sales of industry i; 
y .= Ythe ‘sum of the finad’ demands Mor ithe; produces 


Of clnduwateyy sis. 
Assuming that industry j's purchases from industry i are 
stable in cnerms' of dndust ty «b's vevitput, equation 52.1 tray ibe 
Ge-—wrdle.tiem vais: 


i> Rta ee) 2 oe Gah... 4 Ft ce = y, Giqia oA 21) 


a i 
where: a = the direct input requirements for industry i's 
product sper anht gofetoutput sin ginduchey—jp. 
in eqwatilane2)22.et he Se al are termed “direct input coefficients” 
singe they ddenote how mucheof gindustry «ais sowtpat must abe 
purchased “by seach industry .penounie cofroutput. 
The objective of input-output analysis is to estimate total 
CuULpuUtL tfoeeach ae ee given the level of final demand for each 


industry's product. This task involves tracing not only the 


direct first round output required to meet these final demands, 


but also the secondary production: resulting ‘as the initial 
demands filter through the productive system. The methodology 
for accomplishing this is outlined by Miernyck (1965) and is 


Summarized mathematically here. In terms of matrix algebra: 


x = Axi= y LCEdzee2e3) 
where: x = a column vector of gross output; 
y = a column vector of final demands; 
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A. = an Un, x po) matrix of dizect input coefficienta. 
Using an identity matrix, equation can be rewritten: 
ne - A).x = y (Eq. 2.4) 
where: I. = an (n x n). identity matrix. 
Since the level of gross output in each industry is the variable 


being solved for, the system can be rewritten as: 


eae ey ae (Bq. 2.5) 


where: (I - A) = the inverse of (I - ay lh derived through 
the process of matrix inversion. 

The elements of the inverse matrix quantify the direct plus 
indirect requirement of industry i per unit of final demand for 
the outputs of industry j. Equation 2.5 defines a linear 
transformation of final demands in an economy into industrial 
outputs. 

The assumptions behind this model have been discussed by 
Richardson (1972), Davis (1968) and Victor (1972), and reference 
should be made to these sources for more detail. Very quickly, 
two major assumptions allow the model to operate. First, outputs 
by industries are considered to be homogeneous, such that one 
industry produces a uniform product or an “average bundle” of 
products. This assumption has received strong criticism (see 
Victor, 1972), and has led several countries, including Canada, 
to adopt a “commodity-by-industry”™ approach to input-output 
modelling. The more conventional "industry-by-industry” approach 
was used here because of the infeasibility of dividing water use 
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data into commodity groupings. Second, the technological 
coefficients Ca), are assumed constant in many input-output 
analysis exercises; this assumption has proven false in many 
cases because of structural and technological change. It has been 
overcome in one of the scenarios examined here by alterations to 
the inverse matrices in accordance with past trends. 

In a study of the California water industry, Lofting and 
McGauhey (1963) augmented the basic input-output model to include 
water use considerations. Their augmentation consisted of 
inserting a matrix of water -use “coerrreients “into *eduat Pen “2.5, 


aS) et OL LOW Sis 


Ww STUUR ESVA THCY We ty CEG.) oan) 
where: w = a vector of ‘total water uses for éach industry in 
the aeuead 
W = an (n xn) matrix of water use coefficients in 
which the coefficients (in terms of water use per 
million dollars of output) form the elements of 
the ma@trix's "principal "diagenal, and “all*ofrf= 
diagonal elements are zeroes. 
This model formed the basis of the national and regional water 
use forecasts developed in the present research. 

The model specified in equation 2.6 Contains” the’ three 
factors suggested in Chapter 1 to underlie water use in the 
various economic sectors. Economic activity and its growth are 
captured by the final demand factor (y). The elements of the 
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inverse matrix (I - pM rqheees the state of production 
technology. Water use practices (e.g. trends in recirculation) 
are captured by the elements of the water use coefficients matrix 
(W). 
2.3 Making The Structural Model Operational 

This section contains an outline of the procedures and data 
used to make the structural model operational. Each of the 
model's variables are dealt with separately here; the ways in 
which they were combined to produce the forecasts are dealt with 
Ii “Chea eter ss 

2.3.1 Economic Activity 

Economic activity levels were dealt with in the model through 
the final demand variable. The regional models used were based 
on 1974, the latest year for which complete input-output data are 
available. The 1974 final demand data were projected to the 1981 
base year of this study by using growth rates experienced between 
the two years. With the 1981 final demand calculated, the 
original 1974 tables were used in conjunction with the model 
described in equation 2.5 to calculate the gross outputs in each 
of the 30 industries. For industry 28, Gas and Other UCL Lities. 
and industry 29, Wholesale and Retail Trade, which are 
substantially related to population, population growth rates were 
used to calculate the 1981 final demand and output levels. (It is 
acknowledged here that interregional structural models could 
isolate and thereby model the effects of interprovincial trade. 
The interregional modelling approach was not used here, however, 
due to time constraints, and thus regional exports and imports 
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are considered here to be part of the regional final demand 
vectors.) 

Forecasting future growth rates in industry and the 
population is a complex undertaking done normally by specialist 
forecasting agencies using sophisticated econometric models. In 
addition, forecasts are rarely performed over a 30-year horizon. 
For this project, extensive work was done to obtain a consistent 
set of growth rates for the 30 industry sectors, some of it 
working from historical .statistics published, by Statistics 
Canada, some of it searching through past work by the author and 
some of it examining forecasts produced by private forecasting 
agencies. In the end, it was decided to use one of the latter 
sources, namely the forecasts recently produced by Informetrica 
CInformetrica,) 1984), and available to Environment, Canada ty 
SAUDISi Cus 1 pita Ones 

From the Informetrica forecasts, projected real domestic 
product (RDP) and labour force series were compiled for 1983, 


1991, 2000 and 2005, and for each industrial group except the two 


groups related more closely to population. For 1981, 2001 and 
2011, years required by this study but not available from the 
Informetrica data, extrapolation and interpolation procedures 
were used. Growth rates for the 1981-1991, 1991-2001, and 
2001-2011 periods were then calculated for both RDP and labour 
force series. In general the growth rates for the former were 
greater than .those for, theslatter tue to. <apital substitution 
effects. Accordingly, a low set of growth rates was based upon 
the labour force series and a high set upon the RDP series. A 
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medium set of rates was constructed from an average of the high 
and low rates. 

2.3.2. Production Technology 

The modelling of trends in technological change is an 
exceedingly difficult undertaking, largely because there is much 
controversy about the variables which lead industries to make 
modifications to their production processes. Trends are the 
product of thousands of individual decisions, and few summary 
statistics are available about the outcome of these decisions. 

In this research, it was assumed that the coefficients of an 
inverse matrix resulting from input-output models reflect the 
state of production technology for the time period covered by the 
input-output table. Thus, a time trend on each coefficients 
constitutes a production technology time trend. A set of trends 
cousisting of trends for “each coefiievent Seanvbetcalculated by. 
linear regression techniques, making appropriate adjustments for 
autocorrelation. The statistically significant trends can then 
be projected, while those which are not significant can remain 
constant. This procedure was used for forecasting production 
technology. 

All of the regression work was performed at the national 
level, for which a 20-year time series of annual input-output 
tables was available. While it would have been more desirable to 
work with a time series of regional tables, these were 
unavailable. As a "second-best" alternative, the national 
trends were superimposed on the regional industrial sectors. To 


begin this part of the analysis, regression lines were computed 
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for each of the 900 coefficients of the 20 inverse matrices. For 
example, each industry is tied by the coefficients of the inverse 
to itself and to each of the other 29 industries. Thus, each 
industry forms one column of the inverse matrix, consisting of 30 
coefiiiciants.) Each»of «the, 30) coeffttiedents, injsturm hasp been 
analyzed through time by means of the regression procedure 
outlined above. In those cases where the regression equation 
aceountedelf or 507 or) more: of then total variance..(4, en R? = Odes 
the trend was considered significant. Where the industry being 
analyzed was significant in a region, the national trends were 
used to project the respective regional coefficients. Where the 
national equation was found insignificant, the regional 
coefficients were assumed to be constant. Using this procedure, 
adjusted inverse matrices were calculated for the years 1981, 
L991, 2001 -and 20,11 for each, jof othe piive vegions. - These matrices 
were assumed to simulate the magnitude and direction of 
technological change over the forecasting time horizon. 

2.3032 Water Use vPracthiices 

As used (in this «paper, “water usepractices refer to the 
amount of intake, recirculation, gross water use, consumption and 
discharge which occurred in the industrial sectors covered by 
this study. Trende in water use practices, likewise, refer to 
trends observed or anticipated in these five parameters. Water 
use practices were quantified for use in the model by calculation 
coefficients of water use (i.e. by parameter) penemiliionidollars 
of total rindusgtriabsoutput «forethes year 198isa)Thisgiset sof water 
use coefficients formed the major means of quantifying water use 
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practices throughout the period of study. The recent federal and 
Alberta surveys of industrial water use (Canada, 1985) were used 
as the quantitative basis for the coefficients. 

The set of 1981 coefficients were modified demonstrate (1) 
the potential impact of raising the price of water in the various 
sectors, and (2) the effects of other conservation measures. The 
point must be made here that the results of this water 
conservation analysis are considered theoretical and indicative 
in nature rather than certain projections of what would happen 
under a water management philosophy which tries to controlywater 
use with pricing and other conservation techniques. 

Several articles referred to in Chapter 1 have shown that 
water demand, like demand for the vast majority of goods and 
services, behaves in a “conventional” economic fashion, such that 
when its price rises, the quantity demanded fea IAS ©. In Canada, 
water pricing data are not available on a consistent basis across 
the country in such a manner that regional water demand curves 
can be constructed. The best data available are those collected 
during the 1981 federal and Alberta surveys of industrial water 
use referred to earlier. On these surveys, the cost of water at 
a plant was taken as the sum of intake cost, intake treatment 
cost, recirculation cost and effluent treatment cost. By adding 
these cost components together and dividing by the amount of 
intake, the average cost of water for each industry can be 
calculated. This amount, which has been used in the past as a 
proxy for water price (e.g. see de Rooy, 1972, 1974), can be 
taken as the price,of water to industries, which is felt in the 
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absence of a commodity price for water. In other words, it is 
assumed here that the industries face a zero or minimal commodity 
price for their water. This method of estimating water cost is 
biased somewhat downward since there is no allowance made for the 
capital ‘costiof water conveyancing, facilities,'in, plants... 

Another important piece of information required for the 
pricing analysis -is ta tset of tpriige Gelasticities tes idemand fox 
water in the varfous industries iePrice.elasticity .of demand 
indicates the percentage change in the quantity of water demanded 
for a given percentage change in water price. On a normal 
downward sloping demand curve, price elasticity changes along the 
curve. In this paper, the elasticity figures assumed are taken to 
be average elasticities, and are thus constant through the range 
Or DraAce. Estimates of price elasticities of water demand, which 
were unavailable in many cases for Canada, were taken from 
various secondary Suir ees GHanke pi lo7se .Gnima, 19,725 iLaone, 19753 
Boland et al., 1984). Where no data were available, judgemental 
estimates were made for related industrial groups for which data 
were available. By assuming average demand elasticities for each 
industrial group, an analysis was performed of the impact of 
water price rises on the quantity of water demanded. The price 
increase Leathe was? 102" by 199051 2572) by’ 2001 andy 352, bys 2011, 

The water intake coefficients calculated from survey data 
show how much water is used by industry in the absence of a 
commodity price for water. It is suggested that the pricing 
analysis outlined above indicates how the coefficients will alter 
as increasing prices are charged. In other words, with the 
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elasticity data available or assumed, it was possible to estimate 
the response of water intake in the various groups to given 
percentage increases in the average cost (i.e. price) of water. 
Gross water use and consumptive use coefficients were calculated 
for each industrial group using the use rates and consumption 
rates respectively. This type of analysis was the basis for one 
of the scenario analyses outlined in Chapter three. 

In addition to price change impacts, there are many 
additional water conservation measures possible. To allow for 
these additional impacts the effects of the hypothesized water 
pricing arrangements were accentuated by an arbitrary 502. As 
goted earlier, this analysis is quite) hypothetical,..but is,felt, 
nevertheless, to be feasible should serious attempts be made to 
apply water conservation incentives in managing Canada's water 
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CHAPTER) 3 
FORECASTING AND THE ROLE OF ALTERNATIVE FUTURES 

The process of forecasting water uses is highly dependent 
upon ihe underlying view taken of the future. It is this view 
which governs the mix of industries used for forecasting, their 
technological conditions s thevlevel» of population, energy and 
water use practices, and many other factors. As noted in Chapter 
one, each of these factors by itself is subject to considerable 
uncertainty, and when the factors are combined the resulting 
uncertainty may be compounded. 

As noted in Chapter one, the “alternative futures” approach 
has been used in preparing the forecasts for this paper. This 
type of approach has been used in many forecasting exercises, and 
Was specified in detail by the UvS “National Water -Conmission 
(1976). Obviously, not all of the permutations and combinations 
of variables can be examined. However, it is possible to try to 
select a number of typical combinations of future situations. 


(Throughout the remainder of this paper, these combinations will 


be referred to as “scenarios".} In this way, an attempt can be 
made to place “a fence around the ballpark of future water use.” 
In this chapter, the first section discusses some of the 
general considerations made in designing the scenarios. The 
second section defines in operational terms the five scenarios 
finally selected for analysis. 
aoe GenetatsConside ratd ons 


In this project, as noted in Chapter one, an analytical 


approach to the future has been taken. Several types of factors 


nh Dies 


can be approached analytically, and are built into the five 
scenarios. Population was allowed to assume three alternative 
projections, based upon the latest Statistics Canada work 
(Canada, 1982). Various future mixes of primary, secondary and 
tertiary industrial activities resulted from using high, medium 
and low alternative growth rates. Energy use assumptions are 
implicit in these projections. Technological change was allowed 
in one of the scenarios according to the methodology of Chapter 
two. Finally environmental policy as it affects water use was 
varied in one scenario to simulate the effects of a 
conservationist policy stance. 

The principal “task in scenardo design as ato, trans Late, these 
various assumptions about the future into terms which can be 
dealt with by the structural and simulation models used as the 
basis for the “analysis. This: (trans liatbon task is described, in 
section 3.2. Before Beedome to .,thattdesenipttian , “1teis sanecesgsaxny 


to define some of the factors which have been assumed constant. 


In any forecasting exercisé, certain factors must ‘be ‘held 


constant in order that a common background for the scenarios may 
be established. In general, the more time available for the 
analysis, the fewer the number of constancies required. fo this 
exercise, time limitations were quite severe, with the result 
that even some of the analytically tractible variables were 
assumed to be common to all scenarios. The forecasts assume an 
absence of global armed conflict. This was necessary because one 
has no means of foretelling what kind of devastation or 
socio-economic conditions would arise from such conflict. 
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Lifestyles are assumed not to alter radically with regard to 
their water needs. This allows for lifestyle changes as they may 
occur, but assumes that water demands caused by new lifstyles 
will not be radically different. Current institutional and 
administrative arrangements have been assumed to continue 
throughout the forecasting time horizon. The one exception here 
will be an assumed rise in water price, and the aggregate results 
of a concerted water conservation effort in scenario three. 
Urbanization trends, implicit in the population projection, have 
not been considered explicitly in the forecasts. Finally, it was 
assumed that no new industrial classifications would originate 
during the forecasting period. 
3.2. Five Views of the Future 

As specified in the structural model, three sets of growth 
rates (low, medium and high), two types of technological 
conditions (stable and changing) and two sets of water use 
coefficients (stable and price-altered) were used in 
preparing the forecasts for this project. Thus twelve possible 
scenarios could have been prepared by altering just the major 
variables. However, within each major variable, assumptions could 
have varied by industrial sector, thereby increasing enormously 
the number of alternative future outlooks. 

The author has been forced to compromise between designing 
scenarios which could be described in detail, and presented as 
feasible views of the future, and those which would describe the 
sensitivity of the model to broad changes in assumptions about 
each major variable. It was decided to emphasize the latter task. 


Sie 


Thus, the scenarios reported below have been designed to indicate 
the sensitivity of the structural model to changes in each of 
its major variables. The reader may then combine the variables 
as he himself sees fit and thus examine other futures. It should 
be noted that none of these scenarios has been designated “most 
likely’. 

3.2.1 Scenario 1 - A Reference Case 

The reference scenario was constructed by holding all factors 
constant except the economic growth rate, and (is, e,therefore; 
essentially an extrapolation of past trends. No changes in 
production technology was incorporated and the water use 
coefficients were held at their 1981 levels. A medium level of 
population growth was also used. The scenario assumes no severe 
energy shocks such as those experienced during the 197.0) 6... phase 
been kept as simple as possible to serve as a reference point for 
the other scenarios. noe this reason technological change has not 
been incorporated, even though it is on-going. 

This scenario is’ a’ “business).as usual" view of the future, 
with no significant shocks to the socio-economic system. Water is 
managed as it is currently, with major capital works occuring as 
required, under Canada's current supply management orientation to 
water development (Tate, 1984b). No requirements are foreseen 
here for major regional water transfers. 

a7%.2 Sthenerio ss 74 Conservationist Scenario 

In the water management field, increasing attention is being 
paid to policies for water conservation, and the potentialities 
of water demand management in Canada (Mitchell, 1984). One 
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major instrument offered for demand management is an increase in 
water price, accompanied by a major incentive system to implement 
other non-price related possibilities for decreasing water use, 
The Ji sneues assumed a medium rate of economic growth, a constant 
production technology and the set of price-altered water use 
coefficients specified in Chapter 2. 

3e2e3 "Scenario 3 (- The Effects .of Technological Change 

This scenario was designed to isolate the effects of 
production technology changes on water use in the five regions. 
It is difficult to describe the exact characteristics of this 
scenario, for changes on growth and water use practices would 
likely accompany it. Emphasis would be placed on technological 
change, so as to achieve at least the rates of change experienced 
in the past. Operationally in the model, the medium set of growth 
rates, the contstant 1981 water use coefficients and the 
technology-altered set of inverse matrices were used in preparing 
this scenario. 


Se2eH Scenario 4.—- A Recession Scenario 


Scenario 4 was based upon a prolonged period of slow economic 
growth throughout the country. Under such an assumption, 
recessionary conditions would ensue, as reflected in the scenario 
by the use of low growth rates. No money would be available to 
alter either the state of production technology or the water use 
practices, Thus the latter two variables were held at their 1981 
levels. 

Under this scenario, unemployment might reach the 16% - 20% 


levels. No attention at all could be afforded to environmental 
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programs, and few water conservation efforts would be made. 
Increasing forced leisure time would generate the need for more 
recreational resources. 
3e2e2 'SCenario “5 = High EconeniloiGrovwtnh 

In scenario five, emphasis was placed upon maximizing economic 
efficiency and achieving a high rate of economic growth. 
Partially this will be achieved through exploiting to the full 
the raw material wealth of the country and developing its 
primary industry base. Rapid development was also foreseen in the 
manufacturing sectors, based upon acclerating the role of these 
industries (i.e% -industfiesvl °86 5 ein the médel) sg Thus the 
primary and the secondary sectors assumed high rates of growth. 
To support this growth, high growth rates were also assumed in 
the tertiary sectors. Techological change and water use practices 
were held ”constafit in order*toe%isélate the effectseiof the high 
Crow un Tater. 

Under this scenario, economic growth was the primary public 


objective. Little or no attention was assumed in environmental 


programs and water conservation. Water use practices were held at 
the 1981 levels. Unemployment would probably be below the rates 
experienced under the medium scenario. 

The operational components of the six scenarios are 


summarazged in Table Sil. 
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Table 3.1 A Summary of the Scenarios Used in Forecasting 


Scenario Number 


and Name Principal Components of the Structural Model 

Economic Production Water Use 

Growth Technology Practices 

1. Reference Medium Constant Constant 

2. Conservation Medium Constant Altered 
3. Technological 

Change Medium Altered Constant 

4. Recession Low Constant Constant 

5. High Growth High Constant Constant 
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CHAPTER 4 


CURRENT AND PROJECTED CANADIAN WITHDRAWAL WATER USES 


This dvapre’ is devoted to a discussion of the study results. 
The first section outlines the major observations deriving from 
the forecasting exercise. More detailed data have been placed in 
the Appendix. The second section deals with limitations which 
must be placed upon these results. 
4.1 Results of the Study 

SAS Ys iWater eee intr ss.) 

In 1981) "fust over 137 2500 mifblten,eubic ,metres (MCM) of water 
were withdrawn from Canadian water sources (Table 4.1). About 


TABLE 4.1 TOTAL WATER USE BY WATER USE PARAMETER 
CANADA AND REGIONS, 1981 


MCM ) 
Water Keecineu= Gross Consump- 

Region Intake lation * Water Use tion Discharge** 
Atlantic 2884 965 3849 139 2745 
Quebec A252 3094 7346 435 3817 
Ontario Zi cae a ld 7 de We Bas J 589 20641 
Prairie nh A 4675 10038 2256 3107 
B.C. 3762 3062 6851 487 2302 
Canada 37518 15918 53436 3906 33012 
x Imputed figure. Recirculation = gross water use - water intake. 
xx Imputed figure. Discharge = water intake - consumption. 

Source: Appendix tables 


56% of this amount was withdrawn by users in Ontario, mostly 
from the Great Lakes. Of the 21 230 MCM withdrawn in Ontario, 
about 70% was accounted for by use in thermal cooling at power 
plants. The Prairie region was the next highest with respect to 


water withdrawal, with a large amount of this water being used in 
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irrigation. The other three regions followed as indicated in 


Talbucen elt. 


Gross water use followed essentially the same pattern, 


totalling 53 436 MCM. In other words, recirculation practices 


allowed the available water supplies to be "stretched" some 1.4 


times. The aggregate use rate (i.e. gross water use divided by 
water intake) was about 1.4, being slowest in Ontario (1.2) and 
highest in the Prairies (1.9). In all prabmast ,b6 000 MCM of water 
were recirculated throughout Canada in 1981. 

Water consumption totalled 3 906 MCM in 1981, just over 104 
on total intake. The lion's share of this amount was accounted 
for by agricultural (mainly irrigation) wse in»the Prairie 
region, with 1 892 MCM (see Appendix tables). The consumption 
rate (i.e. water consumed divided by water intake) in this region 
was 0.4, very high in comparison with the other four regions. The 
lowest consumption pace (0.03) was experienced on Ontario, where 
none of the intake water at thermal power plants was 
recirculated. With a consumptive use of 3 906 MCM, discharge 
total lege. ole MOM, tm “Loa. 

Table 4.2 views the same data from the viewpoint of the major 
economic sectors included in the study. The largest proportion of 
water intake, over 51% of the total was attributable to thermal 
cooling at electric power plant, centred in Ontario, but also 


important in the Prairie and Atlantic regions. Recirculation was 


practiced principally in the mineral extraction and manufacturing 


i 


TABLE 4.2 TOTAL WATER USE BY WATER USE PARAMETER AND INDUSTRY, 
CANADA, 1981 


(MCM) 
; Water Recireu= Gross Consump- 

Region Intake lation * Water Use tion Discharge** 
Agriculture gi 25 0) S125 2412 723 
Mineral Ext. 648 2792 3440 Wee 469 
Manufacturing 10201 Ligse 21459 Soa 9694. 
Power Generation 19281 1868 21149 168 Po LES 
Municipal 4263 0 4263 640 S624 
Canada I4aeo 15918 53436 3906 33612 
x Imputed figure. Recirculation = gross water use - water intake. 
** Imputed figure. Discharge = water intake - consumption. 


Source: Appendix tables 


industries, with use rates of 5.3 and 2.1 respectively. A small 
amount of water recycling also occurred in the power sector, at 
two plants in Alberta. Recirculation occured in neither the 
agriculture nor the municipal sectors. 

Consumptive use was concentrated in the agriculture sector, 
focussing upon irrigation in the Prairie region. Due to this 
activity the consumption rate for agriculture was 0.77, greatly 
above the average for all sectors of 0.12. This rate was also 
relatively high for mineral extraction, where significant 
quantities of water were used for deep-well injection for 
enhanced petroleum recovery.The consumption rate was lowest in 
the thermal power sector, at 0.008, and, as noted in Chapter 2, 
the same rate for the municipal sector was 0.15. 

Water intake in the rural domestic sector, which has been 
included in neither Table 4.2 nor the subsequent forecasts, 
totalled 348 MCM for Canada in 1981. Recirculation and 


a 


consumption were O for this activity. The water withdrawal in 


this sectonm was distributed as follows = 


Region Z-of Tétabil Intake 
Atlantic Sa eee oC e 
Quebec 24 
Ontario 28 
Praienves 20 
Beis Mk 


tothe Heoyected Water Use, igo l=2011 

This section presents the £ee deca of the forecasting exercise 
indereaken for this project, concentrating “on che “rereréeneecase 
scenario. The other four scenarios are presented as comparisons 
to the reference case. It is stressed again that the reference 
CASG LS NOE portrayed here as*a’ “nost Iikely “projection; but 
rather as a relatively simple extrapolation of past trends 
performed as a baseline for the comparison of alternatives. None 
of the scenarios, in fact, are designated “most likely", although 
the author considers that future water use will probably fall 
within the bands defined by combining the scenarios. 

Table 4.3 shows how total national and regional water use 
grow under the assumptions of the reference case scenario. 
The average annual growth rate for total Canadian water intake 
under this scenario will be about 2.3% per annum, for consumptive 
use about 2.1%. The difference between the two rates occurs 
because some of the smaller industrial groups have a water intake 
but no consumptive use. The Ontario and Prairie regions will, 
under the reference case scenario, experience growth rates 
Slightly above average at about 2.4%, while Quebec, with a 2.0% 


rate, will be somewhat below average. The Prairie rate is a 
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TABLE 4.3 PROJECTED TOTAL WATER INTAKE AND TOTAL CONSUMPTION 
BY REGION AND YEAR, 1981-2011 - REFERENCE CASE 
MCM 
ae Total Water Intake 
Region ; 1981 1991 2001 ZO el 
Ara ape sc 2884 3575 4449 5584 
Quebec 425.2 5192 6276 7629 
Ontario 24230 26484 33640 42861 
Prairie 5363 7019 8832 Meicle eZ 
Bie 3789 4608 5700 7085 
Canada S17) Sy Me’ 46878 58897 eso 
Total Consumptive Use 
Region 1981 1991 2001 PBOILA 
hebant Le 139 169 209 244 
Quebec 435 494 582 690 
Ontario 589 726 888 1093 
Prairie 2256 29.24 3600 4443 
Beis 487 598 729 893 
Canada 3906 4911 6008 73:03 


response to continued agricultural growth slightly higher than 
the national average, as the region continues to dominate the 
country's agricultural sector. Ontario's relatively high rate is 
explained by expanded thermal power production at above the 
national rate. Neither of these two major sectors are important 
in Quebec, which will continue its reliance on hydro electric 
power (not included in the forecasts) and its traditional and 
relatively old economic base of manufacturing. The growth rate of 
water use in B.C. will be slightly below the national average, 


while that in the Atlantic region will be closest to the average. 


hk 


TABLE 4.4 WATER INTAKE PROJECTIONS BY SCENARIO, 
CANADA, 1981-2011 


(MCM ) 
Scenario Number 


Year u 2 3 4 5 
1981 Sh 7/5) bts! a7 518 Bh) 5) ts: S/o Sh T/ 5) Ute! 
1991 46878 41848 SOs 43641 SU Doe 
2001 58897 45589 72272 51599 67011 
ZO niet PASS 47738 90879 Spey Tale, 84039 


Source: Appendix tables. 


The forecasts for total Canadian water intake are shown in 
Table 4.4. Scenario 3, the technological change scenario, shows 
the highest rate of growth over the 30-year forecast period, with 
an average annual rate of 3.0%, while the lowst rate of growth 
occurs in conjunction with scenario.2 (0.84). Scenario 3, the 
technological change future, was somewhat surprising in its 
outcome. Previous work had shown that production technology 
trends, taken by themselves, during the 1966-1976 period tended 
to lower industrial water use during the decade (Tate, 1984a). 
Thus, with the growth rate held constant, one would have expected 
the technological change scenario to track* below the! reference 
case. It is unfortunate that more time was not available to 
confirm the results obtained from scenario 3. The methodology 
selected for projecting the coefficients of the inverse matrices 
should be examined in more detail With regard to scenario 2, the 
impact of the hypothetical emphasis on conservation mechanisms to 


lower water use is clear. Water intake under such a regime would 


be 65% of that experienced using the reference case assumptions. 


= be 


Table 4.5 summarizes the forecasting results in the context 
of the reference case scenario. This table confirms that the 
lowest and highest water intakes are associated with scenarios 2 


and 3 respectively. 


TABLE 4.5 IMPACTS OF ALTERNATIVE ASSUMPTIONS ON THE REFERENCE 
CASE SCENARIO FOR WATER INTAKE, CANADA, 1981-2011 
he 


Scenario Number 


Year 

2 3 bd 2 
1991 -ll 8 -7 7 
2001 -23 14 -12 14 
Ziel -36 Dre -21 LS 


National trends in consumptive water use for the five 
scenarios are given in Table 4.6. The patterns shown in this 
table are essential the same as those estalished for water 
intake, with the growth rates being slightly less than the 


corresponding ones for intake. The consumptive use growth rates, 


TABLE 4.6 WATER CONSUMPTION PROJECTIONS BY SCENARIO, 
CANADA, 1981-2011 


(MCM) 
Year Scenario 
i 2 3 a > 
1981 3906 3906 3906 3906 3906 
199] 441] 4292 4977 444] 5298 
2001 6008 ea le7 6319 Bee 6990 
2011 7363 3882 8074 eh Zak 9025 
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are slightly less than those for water intake, because some of 
the smaller water using industrial sectors experience no water 
consumption. Impacts of alternative projection assumptions on the 
reference case are shown in Table 4.7. The figures are 


essentially the same as those shown in table 4.45. 


TABLE 4,7 IMPACTS OF ALTERATIVE ASSUMPTIONS ON THE REFERENCE 
CASE SCENARIO FOR WATER CONSUMPTION, 1981-2011 


(-} 


Scenario Number 


2 2 iad yi 
1991 -13 2 -8 8 
2001 -29 5 -14 16 
2011 -47 10 -22 18 


Table 4.8 shows the same set of data taken across industry 
groups. The thermal power sector continues to dominate the water 
intake projections, while agriculture continues its dominance of 
consumptive use. The average annual growth rates cluster between 
2% and 2,5%, with the lowest, rate’ being 1.64 for municipal 
intake, and the highest being 3.3 for the mineral extraction 
sector. Under the reference scenario, total water intake grows to 
74 331 MCM in 2011, an average annual increase of 2.34; 
cOneinmptive mee to) 7.363 MCM (2.17) 

The growth patterns of water intake and consumptive use far 
Canada as @ whele vare shown dn Figure 44.1. Both the reference 
case and the other four scenarios are compared in the top half of 
this figure. By 2011, the end of the forecasting period, water 


intake will range between 47 738 MCM and 90 879 MCM. These 


represent increases of 0.8% and 3.0% per annum respectively. The 


ie 


industrial composition, or structure, of the reference case for 
each forecast year for the reference case scenario is shown in 
the bottom half of Figure 4.1. This figure demonstrates 
graphically the dominance of thermal power with respect to water 


intake and of agriculture with respect to water consumption. 


TABLE 4.8 PROJECTED TOTAL WATER INTAKE AND TOTAL CONSUMPTIVE 
USh. BY INDUSTRY AND YEAR, 195 T=20i1 1) = REFERENCE 
CASE 


ae Total Water Intake 


Industry 1981 1991 ZOO 1 2011 
Agriculture Silie 3991 4851 5897 
Mineral Ext. 648 912 125.5 L733 
Manufacturing 10201 12602 15954 20274 
Power Generation 19281 24216 30906 39558 
Municipal 4263 SES 5931 6869 
Total ag ee 46878 58897 74331 


b. Total Consumptive Use 


Industry 1981 1991 2001 Zr 
Agriculture Dee Va? 3089 3756 Silos fl 
Mineral Sxt: 1-79 oR Sid | 20) 433 
Manufacturing 507 639 812 1038 
Power Generation 168 209 269 349 
Municipal 640 ii Buk 976 
Total 3906 4911 6008 7363 


The forecasting results for each of the five regions are 
shown in Figure 4.2 through 4.6, supported by the tables in the 
Appendix. The regional forecasts are broken down into their 
component river basins also in the Appendix. Figures 4.7 to 
4.13 highlight withdrawal and consumptive use amongst the basins 


of each region. Since the model used for forecasting was 


- 47 - 


CN 8 
1107 1002 1661 Hol 


ooor 


oos! 


je 5 oooc ; 


ooor 
Z oosyr 


000g 

OIMVNHOS HONAUATHU = VaAVNVO 
TLO?e--Te6et 

MOLOAS ‘'IVINLSOUNI AG HUOLONULS NOLLAINASNOD WebLVab 


UV 
Tlo02@ 1002 1661 1e6i 


ooot 


0002 


oo00e 


ab 


ooor 


00S 
ojseuas[g 


Fak NON) ahazo.4 


\ 


— Of4BUusIS 0008 ~ 
€ OCyABVUs9Ig —~ 
0004 


Zz ojavsuse0g —— 


T oy4teus0g ~~ — 0008 


0006 


VIM D 
CTOS TREE “SNOIMSALOUd NOUNS NOD) Bayi V AM ia SV Nero TV 


SINOWN a 
yYamMOd ome 
‘DAN (7.74 
“LXa NIA aa | 
“‘OINDV EA 


diw49 71 


tTOS’ -TSe6e 


“UO 


LOdS IVRILSOCN] AW HANLON aLS oDIV.LNI ULV ah 


floe’ LO08 1661 leo 


wa] 

as |S ae tic 

ieee qe “ 
| { | ‘ 
ABs eed ane 
7 : | e 
| - oo00gz eS 
: : 

4 vo008 


ooose 


bh te Lh tk hd hod hd a 


oooor 


ORIVNADS HON AAs YO. SV 


3 OJ4BuacS 


} Of4wUusss 


€ OjsvuasssS 


Zz ojyavues9s 


[T O}f4aeuac0s 


LEE EE I 


ltoe 


Ji 


[Bel 


UVAL 


Too02 1661 


00004 


coooe 


00008 


oo000! 
VdVNVD 
‘SNOLLOWLOUdd HMVALNI U4.LVM AHALLVNUALTV 


Z| 


1102 - L861 ‘VGWNVD ‘SNOILOArOUd ASN HALWM - Ib aHNDI4 


=Ae= 


TO 


ST 


cos 


S.AARAARARANR 
KARAAS 


boss 


WARRARARARRRAS 


(YVaA/ NOM) TANIOA 


a es) SINON f=] 
2 oogz 
A SS YAMOd ESS 


‘DAN V7} 
“LXG NIA Bee | 
“OINDV BAA 
ON3931 


OIMVNAHOS FONGHAHHY — NOIDKY OLLNWILV 
TTOS—TS6t 
HYOLOAS 'IVINLSNAGNI AG AHYNLONALS NOILAWOSNOO YALVM 


‘Dan V/) 
“LX NIN ee | 
“OIMDV EAA 
OQN39391 


OIMVNAOS FAONWYEAAMY — NOIDHY OLLNWILY 
TTOS—TB6T ‘HOLOUS ‘TIVIULSNAUNI AG AAYNLINAULS ANVLNI YALVM 


8 


G O}JavUuecg 


G O}4euac0S 


(B¥EA/ RON) SANIOA 


=< 
[=) 
1 
5 
ost & 
Q 
Ee 


° 
8 
( 


}? OjJavuess —— f Olavua[S 


€ Ojteuesg - € Of4svuess ~ 


Zz OjAvuesog — — Zz ojavueos —— 


¥ Ojzvuesosg — T O}aeuscg ~ 


°GN3931 GN3937 


——_ —--—_—__—_——1 0004 


NOISY JILNVILY | 
TTOS—-TSB6T SNOILOALONd AMNVLNI YALVM AAILYNYALTV eo 


—_—__—_— — _ — ooe 


> NOIOdY SOLLNWILV 
TTOS—-TS6T ‘SNOLLOAHfLOUd NOILLANASNOOD YALVM AALLVNYALTV 


a Paes et ee eee — > oa. eee = 
LL0¢ - 1864 ‘NOIDAY SILNVILV ‘SNOILOSPOUd ASN HALVM - 2b 3HNDIS 


~49- 


= 


RAR ARE 
TRA 


“OINONR fenesti| 


“OINAN ‘ial 

MaMOd SS 

‘DAW 77] 

“LXa NIN 2a 
SINOV F 

QN3931 A 


OIMVNHOS AONGYNEdAHHY — NOIDSH OFaEanNd ae 
TTOe—-TSe6t OINVNAOS AONAYNAARY — NOIDEY D4EanNd 
HOLOAS TWINLSNANI AG AUYNLONALS NOILGWOASNOD YHLVM TTOS—TS6T ‘HOLOUS TVINLSNGNI AM AUYNLONULS ANVLINI UALVM 


YamMOd ESN 
Od V7} 
“LX NIN bee | 
“OIMDV ZF 


CASAAAAAASARSERS 


: 


8 
Fs 


oyJazeusc¢ see aes ; SG O}4euscs 


(MVaA/ ROR) TANTOA 


: 


Otzweiass = - caus : f Ofteuacs 


ojavusecs a € O}fiwusecs 
ojzvueosg pe Z Cjavuecog — — 
oyivuscs == I o}avuecs 


QN3991 QNS531 


NOIDAY O4aand NOIOGH O4aEaand 
TTOS—-TS6I “SNOILLOGPOUd NOILANOASNOOD YALVM AALLVNYALTV TOOS—-TS6T ‘SNOILLOALOUd ANVINI YALVA AAILVNYALTV 


——= 


L102 - 1861 ‘NOIDSY DAG3NDO ‘SNOILOSPOUd ASN HALWM - €’ aHNDI 


YVAA 
Tooz2 


Ne hl i 


i 


“OINDA =, y : 
0 a 
5, oan 77) 


“LXG NIA Sag ase ea 


(SVaA/ NOM) SANA 


Po ree 


‘OIMDV FZ 
Zi ‘O1NDV EA 
QN393)1 CZ, 


OIMVNHOS HONAYAARHY — NOIDAY OINVLNO oe?) <a Sa a! 
TtTOe—TS6r OIYVNADOS AONAYAARHY — NOIDAU OINYLNO 
HOLOAS IWINLSNANI A@ GAHNALONULS NOILAWOASNOO UYALVM TTOe@—TS6T ‘AHOLOUS ‘IVINLSNANI AM ANNLOAULS ANVLNI YALVA 


oe 


Qo00s 


oyavua0s oyaeuedsS 


(S¥BA/ NOM) TANIOA 


oyAvUsdS — - OJABUZSS 
Ss 


OyJavuesg **""** ojaeuesog - 
ojzeuesg —— oyavuecs 


oyazeUue0g ~~~ OyABVUsIS 


GN3931 one GQN3937 : 2a — sank 


NOIDHYH OLNV.LNO NOIOGY OINVLNO 
TTO%?*1@6l ‘SNOLLOALOUd NOILANOASNOD YALVM AALLVNUALIV TTOe—T86T ‘SNOLLOALOUd AMVLINI YALVYM AALLVNUALTY 


110% - L864 ‘NOIDAY OINVLNO ‘SNOILOSPOHd ASN HALWM - Pb auNDI 


“OINDAN 
YaMOd 
“DAN 
“LXa' NIN 
“OIMDV F&F 


QN3931 


OIMVNAOS AONAYMAAAY — NOIDRY 


YOLOAS IVINLSNANI 


oyavuacsg 
oyreuac[sS 
ojyaivua[cg 
oyisueos 


oyivuacsg 


GN3931 


TTO2- TS6T 


TTOS@—-TS6T 


8 
bs 
0A 


TON) 3h 


: 
ava’ 


AlYIVad 


Ad AHNLONALS NOLLdWOASNOO YALVM 


NOIOHWaH HINIVad 
‘SNOILLOWLOUd NOLLGINASNOD 


daLVM 


AALLVYNYALTV 


“OINOAW ast 
yYamMOd ESS 
“DOAN VA} 
“LX@’ NIN be: | 
“OIMDV EAA 
QN39371 


OIYVNGAOS HONAYMAAHYM — NOIDHH HIYIVed 
TTOS—-TS6T ‘YOLOAS ‘IVINLSNGNI AG AUNLONYALS AMNVLNI YALVM 


< 
oO 
= 
cS 
5 
= 
Qa 
= 
3 


aeus. 
G O}JAeUsazS oooat 


(UVGA/ RON) INNIOA 


y loljzVussoS ———- 


€ OyABUussg ~~” 


oooer 


Z ojieuecs 


T Of48U89S ~~ oooeT 


00008 


NOIONY Aleve 
TTOS-TB6T ‘SNOILOALOUd AMVLINI YALVM AALLVNYALTV | 


LLO@ - 1864 ‘NOIDSY SIYIVYd ‘SNOILOS®OUd ASN HALVM - SP AYNDIS 


“OINDA | 
uagaod ESS 
‘Dan VA) 
“LXG NIA Bee | 
‘OIWDV EA 
QNa931 


OINVNADS AONHNAAGH — NOIDEUY VIANNIOO HSILIYd 
TTOS—Te6t 
MOLOAS 'IVINLSONANI AM AUYNLONALS NOLLAWOSNOD HALVM 


oyreUuecS 
ojavue9s — 
ojivue9g a 
ojsvuec.s 


oyavuecs 


‘G@N3931 


NOIOGY VIEAWNNIOO HSLLIVE 


ITlLOS—IS6l ‘SNOILLOALOUd NOILLANOASNOD YALYM GALLVNYALTY 


LLOZ - L861 ‘NOIDSH VIGINN109 HSILIY 


UVAA 


T102 1Too02 1661 Te6t 


“OINON Oe 
YaAMOd ESS 
“DAN Ff) 
“LXG NIA Ree | 
“OINDV EA 
GQN3931 
OINVNAOS AONAYAAAY — NOIDGY VIENNIOO HSILIN 

TIOS—Te6l ‘HOLOAS IVIMLSNGNI A@ ANYNLONYLS ANVINI YALVM 


(SVaA/ RON) TANIOA 


i 


i 


G O}J1eUacS 


(YEA ROR) TANIOA 


- OCJAVUs9DS ~~ 


ojszeuecog — 
@ ojz3euessg —— 


T O};4aeuess 


QN3593 


NOIDAY VIEGINNAITOD HSILLIYE 
TTOS—TS6T 'SNOILLOALOUd AMVLNI YALVM AAILLYNYALTV 


@ ‘SNOILOSPOUd ASN HALVM - 9° SHNSIS 


FIGURE 4.7 


— WATER USE DISTRIBUTION BY REGION, 1981 
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FIGURE 4.9 — WATER USE DISTRIBUTIONS BY BASIN, 1981 
ATLANTIC REGION 


INTAKE 
| — UU 
)——- 


CONSUMPTION 


-56- 


FIGURE 4.10 — WATER USE DISTRIBUTIONS BY BASIN, 1981 
QUEBEC REGION 
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FIGURE 4.11 — WATER USE DISTRIBUTIONS BY BASIN, 1981 
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FIGURE 4.12 — WATER USE DISTRIBUTIONS BY BASIN, 1981 
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essentially linear in nature, the patterns shown in the regions 
and their river basins follow closely the characteristics given 
above. In general the forecasts by region and basin reflect 
closely the economic base of each area. Interpretation of these 
data is left to the reader because of time constraints on this 
project. 

4,2 Limitstions of the Forecasts 


As indicated in various places throughout this report, there 
are substatial limitaions of the forecasts, or projections, 
contained here. These limitations are dealt with in this section 
of the chapter. The problems of uncertainty are not mentioned 
further, as they have been addressed earlier. 

4.2.1 Lack of Consideration for Small Spatial Units 

The bulk of the work in this project was carried out at the 
national and regional levels. The river basin projections were 
merely a proportional breakdown of regional data. For ehaks 
reason, local conditions, which might be important in determining 
future water use levels, were not studied, and, if they were not 
be included in aggregate tends, were not incorporated into the 
forecasts. In many situations, it would be the local developments 
which would be most important in giving rise to imbalances 
between supply and demand. Thus, the forecasts here should be 
used only as broad indicators of water use conditions over wide 


areas. In the next section, a method is suggested for overcoming 


this particular limitataion. 
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4.2.2 Lack of Supply Considerations 

In Chapter 1, consideration of supply conditions was 
explicitly ruled out of this project, duc principally to time and 
resource availability constraints. While such an arrangement was 
required here, the implication is that the water use forecasts 
are divorced from any physical reality. For instance, areas where 
the balance between supply and use are critical now or are 
becoming. critical cannot be defined: Water quality. conditions ate 
also missing. The integration of Supply and demand is a complex 
task, which must be undertaken at a fairly local level, as shown 
in the next section. For the present, however, the water use 
forecasts must stand by themselves. 

ee rae| peccroral etait 

Due to the methodology used here, each of the sectors 
effectively received an equivalent amount of effort during the 
research phase. This was done to assure a reasonably consistent 
seb. of forecasts a Canada and its regions. However, it may be 


argued that the more important regional industries should have 


received more detail than the less important ones. In Lact, this 
very arguement was put forth by the Advisory Committee for this 
project with respect ‘to irrigation in the Prairie region. 
However, time did not allow a full sector=by-sector examination, 
and this remains as a task for the future. 

4.2.4 Linear Modelling 

The model used in this project in essentially linear in 
nature. This implies a high degree of uniformity in future water 


use patterns between regions, as indeed can be observed in 
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Figures 4.1 to 4.6, and in the constant proportions of each 
basin's water use to total regional use. The world, however, is 
not linear in nature, and future work is required in overcoming 
the structural rigidities of the model. More work is also 
required on the subject of forecasting technological conditions. 

4.2.5 Limited Number of Variables 

The model used here considered three major dimensions of 
forecasting: economic activity, production technology and water 
use practices. Minor consideration was given to the impact of 
water pricing and to varying population levels. However, many 
other variables, such as production process mixes, product mixes, 
plant operating practices and rates, etc., may also have 
influences on the level of water use. In future investigations 
such variables will require consideration. 

4.2.6 Data Gaps 

In compiling the data base for this report, all known sources 
of water use data were used, and it is thought that most of the 
withdrwal water use in Canada (i.e. over 95%) has been included. 


However, there are a few basins where no information on water use 


was available (e.g. the Churchill River basins, the Arctic 
Coast). These areas are not included in this report. Finally, the 
most serious data gap is the complete lack of data on 
non-withdrawal water use. Filling this gap will be a major task 


for the future. 
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CHAPTER 5 
SIMULATION MODELLING - AN ALTERNATIVE APPROACH 

In chapter 4, a number of limitations were suggested to the 
forecasts presented in this paper. Research is currently underway 
within the Inland Waters Directorate, Environment Canada, to 
overcome some of these inadequacies, particularly to create a 
methododogy which accounts for local conditions, which gives 
greater attention to locally important economic sectors and which 
incorporates water supply considerations. This research and some 
of its preliminary results are outlined here, because it 
constitutes the next step thought to be necessary in water use 
modelling. This approach could have been taken in the current 
project had resources (principally time) permitted. The object of 
presenting this material is to examine a practical method for 
linking water use and demand projections to water supply 
conditions. Although some empirical results are given, these are 
for primarily demonstrative purposes at this stage, for the 


required research for definitive statements about basin water 


balances is not yet complete. In other words, the material in 
this chapter is presented strictly in a research context, and, 
beyond the adoption of such an analytical approach, has no 
current implications for water planning and management. 
5-1 Overview of the Model 

The alternative method for approaching regional water demand 
forecasting employs a simulation model of fairly disaggregated 
areas. The simulation modelling approach is based upon defining 


the most crucial variables underlying sectoral water uses with a 


Fy 


river basin region, linking these in a logical fashion in a 
computerized model, building a forecasting algorithm and 
comparing forecasted water uses with available water supplies. 
The approach is a very flexible one, allowing a wide range of 
water supply conditions and alternative values of future 
variables. The model is outlined here, and then used to produce 
some projections for the Red Deer River Basin in Alberta. It 
is stressed here that the results given here are for 
demonstrative purposes only, and should not be treated with the 
same degree of reliability as those produced with the structural 
model used in the main part of the report 

In contrast to the structural model, the simulation model 
uses river basins and subbasins as its primary spatial focus, and 
the areas within which to compare water supplies and uses. The 
region being analyzed must, therefore, be divided into subbasins, 
normally the area drained by a tributary or segment of a major 
river system. A subbasin must have a stream gauge near its 


mouth, with an adequate lengh of historic streamflow record. Base 


year (i.e. in this case 1981) data are required on the-water use 
patterns of the various socio-economic activities in each 
subbasin. Water uses are projected by the model using various 
assumptions about economic and population growth, water use 
rates, specific significant developments which may be foreseen, 
and other forecasting parameters. These projected water use data 
(on withdrawal and consumptive use) are then combined for 
comparison with data on available water supplies, normally 


represented by streamflow data which have been naturalized by 
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removing the effects of historic withdrawals/consumptions. The 
model results are obtained at monthly intervals, by subbasin. The 
subbasin results can then be aggregated to produce comparisons of 
water supplies and uses by major river basin or by economic 
region. 
po eee ee eee 

The model's operation can be viewed as a three-stage process: 
(a) determination of future water uses; (b) determination of 
supply availability; and (c) comparison of future uses with 
available supplies. In setting up the model, the hierarchical 
relationship of subbasins within the main basin must be defined; 
irrigation areas must also be placed in their proper spatial 
positions within the subbasins. Upstream basins are examined 
first, comparing uses to available supplies. The surplus water 
is passed to the next downstream subbasin. Local subbasin 
inflows, irrigation return flows from other subbasins, diversions 


and surplus flows from upstream are all considered in computing 


water availability. In thitsi way, the-foepacts tof all upstream 


water uses and water sources are accounted for in analyzing 
downstream basins. The model structure is presented in Figure 5.l. 
The calculation detail for each subbasin, or node in the model, is 
illustrated in Figure 5.2. 

The following material constitutes a brief description of the 
principal methods used in the model, based upon more extensive 


documentation (Canada, 1983, 1984). 
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FIGURE 5.2 - CALCULATION DETAIL AT EACH NODE 
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5.21. Water Use Analysis 

Four basic water uses are considered in the model: 
municipal, industrial, irrigation and livestock. These four uses 
ncompass the thirty sectors of the structural model outlined 
earlier. In addition, two optional uses can be considered, 
namely outgoing diversions and major anticipated additions to the 
industrial base which would not be included in the economic 
Gr enidr Both intake and withdrawal are computed. In-stream water 
uses are considered as minimum flow constraints, as will be 
outlined below. 

For the municipal, industrial and livestock sectors, heavy 
reliance is placed at present on water use coefficients. For 
irrigation water use, however, the coefficient approach was 
inadequate because of the high temporal variability of irrigation 
requirements, depending upon precipitation and other climatic and 
Debak vOnaleehacte Ons. In the version of the model used here, 
irrigation water requirements have been calculated using a 
detailed submodel of crop water requirements. In future versions 
of the model, municipal and industrial wses will also be the 
objects of detailed submodels, but those submodels were not 
available fopiuse in this projece. 

For the municipal sector, the model requires forecast data 
describing population growth. These data, available at the 
provincial level, are apportioned to the subbasin, based on 
baseline population data. The model utilizes the forecasts of 
future population and the municipal water use rates to establish 


the total municipal water requirements in each subbasin. 
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Industrial water use is categorized into the 30 basic 
industrial sectors, as defined by Statistics Canada. The basic 
unit used in the model to gauge industrial activity is the dollar 
output of the sector (expressed in 1981 dollars). The total 
water intake and consumption use of each industry is, therefore, 
expressed in litres per annual 1981 dollars of industrial output. 
Future water uses are calculated based on forecasts of real 
growth in each industrial sector (expressed in 1981 dollars). 

The model incorporates industrial input-output matrices for 
each economic region in order to maintain the backward and 
forward production linkages between various industries. 
Similarly, the interregional trade estimates for industries, as 
produced by Statscan, have been included. Therefore, the impact 
of growth in one sector in one economic region is reflected in 
the growth of that sector in another economic region. 

The model combines the forecasts of value of shipments with 
the water use coefficients to establish the total volume of water 


required by industries in the subbasin. 


Forecasts of livestock water uses are calculated, by 
livestock type, following an approach which is similar to the 
WUnICLpai SeCELOr . 

Irrigation water requirements are calculated based on 
detailed modelling of crop water needs, giving consideration to 
irrigated area under different crop types, irrigation types, 
precipitation (in-season and out-of-season), crop 
evapotranspiration, soil moisture levels and various operational 
factors, such as level of irrigation, application efficiency and 


my 


delivery efficiency. The calculations are performed in units of 
millimetres per hectare, on a monthly basis within the cropping 
season (May to September), and for a historic period of years 
determined by the precipitation record. 

Figure 5.3 is 4a flow chart of the, irrigation water use 
submodel. More details on the submodel's computational 
procedure, assumptions, etc. can be found in Canada (1984). 

Forecasting irrigation water needs requires information on 
the future area under irrigatiom,. by .crop,. sot) and irrigation 
types as well as foreseen operational factors. The model 
calculates: irrigation water. diversions and tweturn flows for each 
irrigation area for combination with the other water uses. 

In-stream uses (e.g. recreation, water quality) are presently 
considered in the model based on minimum flow constraints. The 
model provides the option to specify monthly minimum flow 
constraints at the outlet from the subbasin. Months when these 
minimum flows are pete ea are flagged in the output and the 
frequency of their occurence is documented. 

Be 2ii2i0 We oe CAV dba bi by 

Water supplies from surface water sources are represented in 
the model by monthly (natural) streamflow data. The model, in 
its present form, requires that streamflow data be adjusted for 
the effects of reservoir regulations. 

Provision has also been made in the model for including water 
supplies from groundwater sources. At this stage of model 
development, however, groundwater supplies are modelled using ad 


hoc »procedune. Specific aquifers and their limitations, maximum 
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withdrawals and recharge rates have not been included. 

It is also possible to simulate water transfers from one 
subbasin to another or from outside the major basin under study. 

5.2.3 Comparison of Water Supply and Use 

Water supply and use are compared monthly over the period of 
availabie hydrologic record, by eableulatinge the’ ratio" of water 
use (both withdrawal and consumption) to supply for each month. 
A frequency histogram of these ratios is produced and the months 
with the most critical (highest) ratio of use to supply are 
identified. The outflow from each subbasin is also compared with 
the minimum flow constraints, and any violations and their 
severities are reported. 
5.3.Background for the Selected Simulations 

As noted above, the primary purpose of this demonstration is 
to illustrate the capabilities of the simulation modelling 
approach for water use:supply studies. This approach is most useful 
for evaluating the Crees of future development scenarios on the 
water resources of an area at a local level, and by extension at 
regional or interjurisdictional levels. The analysis covers four 
simulations chosen to highlight the potential water use conflicts 
between energy developments on one hand and irrigation 
development and minimum flow requirements on the other hand. 
These simulations, especially the two concerned with projections 
to the year 2001, are related somewhat to the scenarios produced 


by the structural modelling, although they are not as 
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comprehensive, and cover different time periods. Again, coe 

analysis presented here is intended for demonstration purposes 

and should be viewed only in this context. 

5e3.d. The Study Area 

The Red Deer basin is located between areas in southern 
Alberta which are heavily developed for irrigation, and more 
northerly areas which have large currently-operating and 
potential water using energy projects. The Red Deer basin itself 
has considerable potential for expansion in both of these 
economic sectors, but it has also been viewed as a possible 
source of supplementary water for neighboring basins. Water 
management options are further compounded by possible alternative 
minimum flow requirements for instream uses and for meeting the 
water apportionment agreement with Saskatchewan, the neighboring 
province downstream. 

Figure 5.4 shows the Red Deer basin and its component 
subbasins, together with the gauging stations used for the 
analysis. The flow network incorporating irrigation areas is 
shown in Figure 5.5. 

= re Description of the Simulations 

The simulations chosen for investigation are as follows: 

- Simulation of current water use, 1982. (The use of 1982 as a 
base year was chosen because of the output currently being 
received from the consultants working on the project. This 
simulation was done to verify the model). 

- Committed scenario, 1982-1987 (This simulation examines the 
effect of developments already planned or underway for the 
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basin.) 
- Simulation of future scenarios, 1981-2001 

(a) High energy and high irrigation requirements 

(b) High energy and high minimum flow requirements 

In all scenarios, population, industrial and livestock 
forecasts were chosen as follows: 

= population- Statistics Canada (198 ) population scenario, 1 

(fertility increase plus some imigration); 

- Industrial- Economic Council of Catfada (197 ), 1981-1990 

projection 

- Livestock- Low growth 
Irrigation and energy production (and their water uses) as 
well as minimum flow requirements were allowed to vary, as will 
be specified below. Thus the water use forecasts at this stage 
are areEaalwin nature. 

Moet of othe data for this) analysis were taken from studies: 
carr Led outmeat phe Inland Waters Directorate, Environment Canada 
(Canada, 1983; 1984; and 1985). A recently completed study by 
Alberta Environment (Albeta, 1984) aided in the scenario 
formulation. Three previous regional studies by the Canada West 
Foundation (1982), the Prairie Provinces Water Board (Canada- 
Alberta-Saskatchewan-Manitoba, 1982), and the Saskatchewan-Nelson 
Water Board (Canada-Alberta-Saskatchewan-Manitoba, 1972) were 


also used. 


me iy 


5-4. Simulation of Current Conditions (Simulation 1) 

5.4.1 Assumptions 

Water use for the Red Deer basin in 1982 were simulated using 
current population and activity levels. No special energy developments 
were built in, and all irrigation was set at the 1982 level (i.e. about 
7 100 ha. of private development plus 115 430 ha. of public 
development in the Western and Eastern Irrigation Districts, located 
in the Bow River basin. Return flows from these two districts are 
routed both to the Bow River and to the Red Deer River basins. No 
diversions, other than the irrigation flows, were incorporated. Minimum 
flows were place at the level of the average apportionment flow to 
Saskatchewan at Bindloss (Node 11) of 18 cubic metres per second, 
which is approximately equal to 75% on the minimum historic natural 
flow. This corresponds roughly to the current situation. The flow was 
distributed by month according to the historic pattern. Flows were 
taken as adjusted naturalized stream flows, 1912-1967, produced by the 
Prairie Provinces Water Board (PPWB)(see Canada-Alberta- 
Saskatchewan-Manitoba, 19/72). 

5-4.2. Results 

Figure 5.6 summarizes the results of this initial simulation 
exercise. The dominant water supply pattern is for very low flows 
during the winter months and peak flows in June and July. This 
Pattern 26 similar to that ‘of ali “siver basins tin the area, 
Winter flows of zero are frequent in the Rosebud River and Berry 
Creek (nodes 9 and 10). Zero summer flows are also frequent 
natural occurences in these streams. In the case of the Rosebud 
River, these zero-flow conditions are mitigated by high return 
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flows from the Eastern and Western Irrigation Districts. 
Combining the withdrawal water uses with the supply conditions, 
substantial water surplusses occur in the Red Deer main stem 
subbasins (nodes 7, 8 and 11). Frequent winter supply deficits 
occur in the Rosebud and Berry tributary subbasins, primarily due 
to zero flow conditions. It is assumed that groundwater sources 
are used in the winter. Frequent deficits also occur in the 
summer in the Berry Creek subbasin, due both to the low natural 
flow conditions and to a relatively high level of irrigation 
development. The same comments also apply to water consumption. 

Occasional monthly violations of the assumed minimum flow 
requirements “oecur ar Bindloss. "Cnode “P12 This de duel to the 
assumed monthly flow distribution. On a seasonal or annual basis 
there is a surplus supply. 
5-5. Simulation of the Committed Development Program (Simulation 2) 

5.5.1 Assumptions 

Certain developments in the basin were assumed as committed 
developments, and formed the basis for the second simulation. 
Population, livestock and industrial production were forecasted 
as outlined earlier. In addition, in the energy sector, the 
Shearness thermal power station, located in the Berry Creek 
subbasin, is taken as developed to the 750 MW level, with an 
annual intake of 54 MCM. This plant will be served by diversion 
from the Red Deer River during 8 months of the year, with intake 
from storage only during the 4 winter months. Return flows from 
the power station were assumed to be held in storage for release 
during the irrigation season (May through September). 
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Full development of irrigation areas to the level of 10 400 
ha. along Berry and Deadfish Creeks (node 10) was assumed, 
following implementation of the Berry and Deadfish diversions. 
Nominal expansions were assumed elsewhere in the basin to a total 
of 16 000 ha. overall. Also some increased developments were 
assumed in the Eastern and Western Irrigation Districts to 
120 000 Hie 4 wiein partial hy increased irrigation efficiencies. 

Three intrabasin diversions were assumed. For recreational 
and environmental purposes, 1.8 cubic metres per second are 
diverted from the Red Deer above Drumheller to Buffalo Lake. To 
support the power plant ae Sheerness,. 2.0 cubic, metres per second 
are diverted from the Red Deer below Drumheller. For irrigation, 
1.0 cubic metres per second are withdrawn for the Red Deer below 
Drumheller to Deadfish Creek. 

With regard to flows, the 1912-1967 adjusted naturalized 
flows from PPWB were use. The Dickson dam was incorporated above 
Red Deer, and operated to maximize minimum winter flows. In this 
manner, a minimum winter flow of 18.4 cubic metres per second can 
be supported throughout the winter. A minimum flow of 18 cubic 
metres per second at Bindloss was assumed, as in the first 
simulation. Also, a minimum release from the Dickson Dam of 16 
cubic metres per second was assumed, as in the original design 


Criteria for theegdan. 


-8li- 


jeden Results 

As a result of this simulation, notable improvements can be 
seen (Figure 5.7) in winter flows along the Red Deer mainstem 
(nodes 7,* 8 and 11), due to the specified operation of the 
Dickson Dam. In the years of very low flow, an almost constant 
flow is maintained at the two upstream nodes, unaffected by 
unregulated inflows downstream. Diversions into the Berry Creek 
subbasin (node 10) significantly improve supply conditions in the 
summer months. 

With regard to the impact of water use on the supply pattern, 
substantial surplus supplies occur along the Red Deer main stem 
subbasins (nodes 7, 8 and 11), as in the 1982 run. Negligible 
changes from the 1982 base occur in the Rosebud subbasin (node 
9). Thermal power and irrigation production in the Berry subbasin 
(node 10) have a marked impact in increasing the frequency of 
deficits with respect to water intake on both a monthly basis, 
and on a seasonal and annual basis. The impacts of consumptive 
use are similar to those outlined for intake, with one notable 
exception. The frequency of summer deficits in the Berry subbasin 
decreases sharply, and there are now negligible deficits on a 
seasonal basis. The Sheerness power plant and related storage is 
seen to be the key to combined power and irrigation in this 
subbasin. 
5.6.Simulation of High Energy-High Irrigation Requirements 

(Simulation 3) 

The third simulation exercise examines the impact of 
developments which calls for both high energy and high irrigated 
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agricultural production by year 2001 . In this manner some of the 
trade-offs between the two sectors can be seen as they apply to 
the areas's water resource base. 

wel Assumptions 

The flow record used here is the same as for the other 
simulation runs. The Dickson dam is also incorporated. Thermal 
power production at the Sheerness plant is doubled (i.e. compared 
to simulation 2) to 1500 MW, with annual intake requirement of 85 
MCM. Diversion and storage arrangements similar to those outlined 
in the previous section are made. In addition, the Ardley thermal 
power station below Red Deer (node 8) is developed to 2000 MW, 
with a yearly intake of 88 MCM. Withdrawal at this plant take 
place from surface sources during 8 months of the year, with 
winter withdrawals from storage only. Return flows from the 
thermal plant are routed to Buffalo Lake, during the 8 month 
period in which surface withdrawals occur ; these return flows 
are for recreational and environmental purposes, with no 
subsequent return flow to the Red Deer main stem. 

With respect to irrigation, full development of potentially 
irrigable land (outside of the two organized irrigation 
district) oceurs, to a total of 120 000 ha. Of this total 104 000 
ha. are developed in the lower Red Deer main stem subbasin 
below Drumheller (node 12). In the organized irrigation 
districts, expansion takes place to the 153 000 ha. level, 
accompanied by fully improved irriation efficiencies, producing 


relatively low return flows. 


tye 


In support of these developments, 1.8 cubic metres per second 
is diverted from the Red Deer main stem as in simulation Z. This 
is in addition to the Ardley power plant diversions from the same 
location. The 4.0 cubic metres per second diverted to Sheerness 
continues as in simulation 2, as does the summertime diversion 
from Deadfish Creek. 

An average apportionment flow to Saskatchewan at Beridevolsis sels 
reduced to 12 cubic metres per second, about equal to 50% of the 
minimum natural flow. This flow is distributed through the year 
as in simulation 2. Also minimum release from the Dickson Dam is 
again set at 16 cubic metres per second (node 7). 

5. 66 25, Results 

Further improvements in the summer water supply, over and 
above those of simulation 2, occur as a result of the increased 
diversion to the Sheerness power station (Figure 5.8). A 
noticeable reduction in Summer water supplies to the lower Red 
Deer subbasin (node 11) result from the lower irrigation return 
flows from the Bow River basin, as a result of increased 
irrigat?on -erriciencies, 

Water intakes increase substantially above Drumheller (node 
8) as the Ardley thermal power plant comes on stream. Minimum 
annual surplus; however, is still substantial, at /&2 of 
available flow. Further increases in thermal power and irrigation 
water withdrawals in the Berry subbasin (node 10) approximately 
counteract the effects of the increased diversion, making the 
overall impact about similar to that for simulation 2. 
Significant summer increases in withdrawal in the lower Red Deer 
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(node 11) result in a frequency of deficicts about 10% of the 
time on both a monthly and seasonal basis. Seasonal diversion for 
Sheerness constitutes only about 10% of total seasonal intake in 
the subbasin; most of the water use is for irrigation. 

The same comments as made for water intakes also apply to 
consumptive water use, except in the lower Red Deer subbasin. 
Here, there is only about a 2% frequency of deficits on a monthly 
basis and none on a seasonal basis. Therefore, assuming 
appropriate use of return flows, available water resources may be 
Sut ficiee s HONS pp Odat minimum flows. This statement may be 
modified by the requirements of minimum flows. 

Specified minimum flows are met at Red Deer (node 7), as in 
simulation 2. However, the reduced allocation of flow at Bindloss 
is not always met. The frequency of outflow deficits is: about 102 
on both a monthly and seasonal basis, but is only 2% on an annual 
basis. This is due to the regulated winter flow releases from the 
Dickson Dam. Thus apportionment levels represent the principal 
constraint to development on the scale used T De ek Saes Lunia tao il. 
5./ High Energy and High Minimum Flow Requirements (Simulation 4) 

The last simulation examines the interface between energy 
development and minimum flows. These flows are required (a) to 
meet apportionment requirements, and (b) for environmental 
(represented here by fishing) and recreational (canoeing) 


purposes. 


ay 


5.7.1. Assumptions 

Flows are established as in the other simulations, with the 
Dickson Dam incorporated. With regard to energy production, 
Suberness’ and Ardley power stations are set up as in simulation 3 
(i.e. 1500 MW and 2000 MW respectively, with appropriate water 
use patterns and supply arrangements). Private irrigation 
development is held to 16 000 ha. as in simulation 2. Full 
development of the Eastern and Western Irrigation Districts takes 
place to the 233 000 ha. level, with fully improved efficiencies 
producing increased return flows. Water diversion arrangements 
are as outlined in simulation 3. 

Apportionment flows average 18 cubic metres per second at 
Bindloss, and minimum release from Dickson Dam is set at 16 cubic 
metres per second. Additional minimum flow allowances are made at 
Red Deer (node 7) Drumheller (node 8) and Bindloss (node 11) to 
satisfy the environmental and recreational requirements outlined 
earlier. Average requirement at the three locations are 18, 27 and 
36 cubic metres per second respectively for fish. In the peak 
summer months, these are about double. For canoeing, summer flow 
requirements are 25, 30 and 40 cubic metres per second 
respectvely. 

5.7.2. Results 

The simulation results are presented in Figure 5.9. Supplies in 
the upper and middle Red Deer main stem subbasins (nodes 7 and 8) are 
as in simulation 3. Noticeably increased summer flows occur in the 
Rosebud subbasin (node 3) due to higher return flows from the two 
public irrigation districts. This is also reflected in an improved 
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supply situation in the lower Red Deer (node 11). 

Intakes above Drumheller (node 8) and in the Berry subbasin 
related to thermal power generation are unchanged from simulation 3. 
However, in the latter, reduced irrigation development reduces total 
intake. Intakes in the lower Red Deer (node 11) decrease sharply from 
simulation 3, as irrigation expansion here is now negligible. The same 
comments apply to water consumption. The net result is .that the 1987 
level of irrigation development, combined with higher return flows from 
the expanded Sheerness development, virtually eliminates summer water 
deficits in the Berry subbasin. 

The imposition of minimum flow requirements for environmental and 
recreational purposes has a noticeable impact on the allocation of 
water resources in the basin. At Red Deer, Drumheller and Bindloss 
(nodes 7, 8 and 11), outflow deficits occur 10, 27 and 22% of the time 
respectively. The frequency of these deficits at Red Deer would 
probably be acceptible, particularly since some improvements , both 
here and downstream, could be achieved by modest adjustments to the 
assumed operations policy of the Dickson Dam. The frequency of 
deficits at Drumheller and Bindloss would probably prove 
unacceptible .« However, these deficits are due to the levels of 
minimumun specified flows, and not to energy project impacts. The 
latter require only 10% of these flows. The minimum flow 
requirements exceed water availability on their own during low 
flow years. In environmental and recreational terms, the Ardley 
power station, by requiring transfer of flows to Buffalo Lake, 
will enhance recreation and the environment in that subbasin 
while reducing flows in the Red Deer River main stem. 
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The analysis presented here was intended for demonstration 
purposes to illustrate the potential advantages of integrating 
water use forecasting with water supply considerations. The 
usefulness of such an approach is clear in that in this example 
the forecasts have been made functional in terms of water 
management decision-making. This stands in contrast to the 
projections which constitute the principal results of this 
research paper, and which require considerable further 
interpretation vis-a-vis water supply conditions. 

The particular results for the particular basin examined are 
indicative rather than definitive, given that there is no 
consideration of the many alternative levels of development and 
other options such as diversions, increased storage or 
groundwater exploitation. As a demonstration of model 
capabilities and potential it has served to highlight some of the 
positive characteristics of the simulation model at its present 
stage of development. Any “conclusions” which are read into the 
results relate to this demonstration as an experiment in 
methodology, not as exhaustively researched implications for 
development of the Red Deer basin, which, of course} is primarily 
A proved Caceemea t teeter. 

In the research context, it its necessary to recognize the 
current limitations of the model. The first limitation is the 
inability to simulate efficiently the effects of new storage 
reservoirs or of alternative reservotr Operating polre.cen. A 
second limitation of the model is the absence of a routine for 
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estimation of groundwater use and availability. Groundwater 
withdrawals are substantial in some areas, and there are some 
indications of significant interaction between surface and 
groundwater sources. Some conceptual work has been done on 
groundwater methodology, but it remains to develop this into an 
adequate component of the model. This may, however, prove to be 
an extremely odifficult.tasks»Thirdly; more swork isvrequired in 
the municipal and industrial sectors to move away from sole 
reliance on the coefficients approach to projecting future water 
uses. 

Another limitation of importance relates to the model's treatment 
of use priority. When a deficit is identified, there is no priority 
assigned to one sector over the other. In many cases, this approach 
will not be appropriate. For example, minimum flow requirements at 
international and interprovincial boundaries are usually given first 
priority to satisfy water apportionment agreements. An enhancement of 
the model in this regard, given its intended national perspective, is 
seen as important. 

Several other items of work which would improve the model 
capabilities and accuracy have also been identified . The 
database in the model is now complete only for the South 
Saskatchewan basin. Currently, the database is being expanded to 
cover the entire Saskatchewan-Nelson basin, thus allowing for 
future analyses of almost any river basin in the southern half of 
the Canadian prairie region. Also, some of the techniques 
developed in the main part of this paper (e.g. the impact of 


conservation options, the implications of technological change) 
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could readily be incorpoated into the simulation modelling 
context. 

In conclusion, it is reasonably clear that water use studies 
in the future will derive their primary usefullness when used in 
conjunction with physical resource considerations. The model 
presented here is quite powerful for this integrative purpose. 
Further development is required in some essential areas. As 
development planning continues across the country, future 
applications of the model should serve to identify potential 
water supply constraints and feasible alternative development 


scenarios. 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 

fhe “principal conclusions of “the “study are drawn itn this 
chapter. These conclusions relate to the quantitative findings of 
the research, conclusions about the sumulation modelling approach 
and a.brief recapitulation of research limitations. 
Recommendations for further work will then be put forward. 

6.1 Conclusions 

jee) rae ae National and Regional Water Use Forecasts 

Forecasts of water use have been produced for Canada, its 
five major regions and 47 principal drainage areas, using a 
structural econometric approach. Five scenarios, denoting a wide 
range of future conditions have been analyzed with respect to 
their impacts of water use. The major variables included economic 
conditions, changes in production technology and changes on water 
use pactices. Table 6.1 presents the major forecasted results for 
Canada in terms of the reference case, with the other four 
scenarios denoted as deviations from the reference case. 

Thermal electrric power generation accounted for the largest 
proportion of water intake throughout the forecasting period. 
There is a marked correlation between regional industrial 
structure and the magnitude of regional water use. Thus, Ontario, 
with the highest proportion of thermal power production, also 
dominated the water intake volumes. Similarly, the Prairie 
regions, with its large areas of irrigated agriculture, was 


dominant with respect to water consumption. Table 6.2 shows, for 


ey 


Table 6.1 SUMMARY OF PRINCIPAL RESULTS 


Reference Case % Deviation from Reference 
Region a (MCM) Gase by Scenario in 2011* 

1981 2011 Zz 3 4 5 

Biss Intake 3789 7085 -47 125) -23 14 
Consumption 487 893 ee 8 ie 23 Li 

Prairie Intake 3363 Leb iz -40 24 -21 ‘Ipge 
Consumption 2a39 4410 -49 v4 =-23 20 

Ontario Intake IN 2 SHO 42861 -32 15: -21 13 
Consumption 589 LOS ce! | Re aes 18 

Quebec Intake LOWS) Ht CAs) -43 Le ao} V7 
Consumption 435 690 45 L3 =16 17 

At aniteicamentalce 2884 5584 -33 all -18 6 
Consumption 139 244 =e 1D =] 8 

CANADA Intake 37518 JAB Sa - 36 vies -21 13 
Consumption 3906 7363 -47 10 =—22 18 


conservation policy scenario; 
technological change scenario; 
low growth scenario; 

high growth scenario. 


* Sic emacesow oz 
Scenartion.s 
Sicemrais liom 4 
sueaueisieskrey 
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TABLE. 6.2 DOMINANT WATERSHEDS IN EACH REGION, 1931 


(VOLUME IN MCM) 


Region Intake Consumption 
Rite, Pacific Coast (21260 Fraser (2:19) 
Fraser (952) Okanagan (146) 
Prairie N. Saskatchewan (1388) Bow (483) 
Bow: (8135 Oldman (450) 
Ontario Lake Ontario (6946) Lake Ontario (231) 
Lake Huron (5300) Laker St.Clair=Erie/ (2185 
Quebec Sts Lawrences (3257) St. Lawrence (343) 


North Shore-Gaspe (435) Ottawa (41) 


Atlantic Nova Scotia. (1260) St.John-St.Croix (54) 
Sst. Johnn=St.Croix (862) Nova Scotio  €35) 
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each region, the two dominant watersheds with respect to water 
intake and consumption. 

Scenario 2 examined the effects of a conservationist 
Management policy with regard to water use. The vehicle for 
accomplishing this examination was a set of water use 
coefficients modified from 1981 levels by an assumed set of water 
price elasticities, augmented with an extra allowance for 
non-price related measures. It was clear that these modified 
coefficients had a pronounced effect on water use, reducing both 
intake and consumption to below the results obtained using low 
economic Zrowths forecasts. 

Scenario 3, which examined the effects of trends in 
production technology indicated a trend towards increasing water 
use, over and above the effect of medium economic growth. The 
results showed that technological change acting by itself would 
bring forecasted water near to or above that obtained using the 
high growth rate set. This result was somewhat unexpected, being 


at variance with the results of other research. This matter has 


to be subjected to further investigations in the future. 
Based upon all of the research taken together, the following 
Table 6.3 represents the ranges of water use which can be expected 


an. the, £uture, 
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TABLE 6.3 EXPECTED RANGES OF WATER USE, CANADA AND REGIONS 


1981-2011 
(MCM ) 
Region Intake Consumption 
Low* High** Low* High** 
B.C. 1981 3789 37.69 487 487 
Loot 39510 5043 312 645 
2001 3989 6623 508 850 
201% J) i2.0 8057 464 1046 
Praizic 1981 5363 5363 2250 22460 
1991 6167 7369 2494 Shed 2 
2001 6580 10158 2485 22, 
2011 6687 12895 2202 DILS 
Ontario 1981 ZA 3) 2120 589 589 
£991 23987 26350) uel 776 
Z0 00 2H9 25 38146 649 1031 
ZOA 1 29235 48258 625 i bpake | 
Quebec 1981 A252 A252 435 435 
1991 4523 5s 428 So 
2001 AS Oik 7184 417 661 
2011 A3S2Z] 8901 380 804 
Atlantac 192) 2884 2884 i9 Los 
1991 fc eae a Wee be 156 aa 
2001 3529 4902 153 pe RS 
Zen 3764 ih WA 151 263 
Canada 1981 Seow es 379 26 3906 3906 
1991 41848 50275 4292 p28 
2001 45589 G7 Ort 4212 6990 
ZO 47738 84039 3882 9025 


*Scenario 2 
*kScenario 5. Scenario 3 was not chosen here because of the doubt 
cast by the contradictory research findings. 
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Seli ze Simulation Modelling of Water Use 
An alternative approach using simulaution modelling at the 

river basin level was outlined, and found to be advantageous in a 
number of ways. First, it eliminates many of the problems and 
limitations associated with the regional input-output model,such 
as the lack of supply considerations and the structural model's 
inability to provide detail at the river basin level. liigy (eles he: 
manner, assessments can be made of future supply:demand 
imbalances and their severities assessed. Second, the model can 
be applied for the analysis of the water resources impacts of any 
conceivable future development scenario. Third, the temporal 
variations in irrigation water requirements are represented in 
the model; and by using historical surface water supply data, 
future water supply:use conditions are evaluated on a long term 
basis. Fourth, there are no restrictions in the model regarding 
the spatial detail of water use:supply comparisons “thus it can be 
applied for the analysis of local problems or for overall 
evaluations of the water resources of a major river basin or a 
region. Fifth, the model provides an excellent tool to test the 
impacts of variables such as climatic changes, water pricing and 
other demand management alternatives, technological changes, etc. 
on future use:supply conditions. 

6.1.3 Limitations of the Study 

In Chapter 4 a number of limitations were suggested to this 
study, which are summarized here. First, the model used was 
unable to examine subregional areas, with the result that much 


local detail is lost. It is at the local level that problems such 
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as water demand:supply imbalances are felt most directly. Second, 
there is no consideration of water supply in this project, with 
the result that water imbalance problems, current or potential, 
have not been dealt with. Third, due to the structure ofs the 
model used, each of the thirty sectors received equal attention, 
when, in fact, greater concentration on the larger water-using 
industries (e.g. agriculture) would have been warrented in some 
areas. Fourth, the model used is linear in nature, treating each 
region essentially in the same manner. This characteristic is a 
limitation since it fails to reflect real-world conditions. 
Lastly, the model was limited in the number of variables which 
could be considered. 


With regard to the simulation model, at the present stage of 


development, the following limitations have been identified. First, 


it can only identify potentially water-short areas, and quantify 
the shortages. All water use sectors are given the same priority. 
The model does not have a mechanism for the analysis of conflict 


situations, reallocation of the water resources based on use 


priorities, ete. Second, the: effects of new storage reservoirs 

cannot be simulated explicitly. Third, there is an over-reliance 
the coefficients approach to projecting municipal and industrial 
water uses. Fourth, the current database in the model is limited 
a partial coverage of the Prairie Region. Fifth, the model is 

limited to water quantity aspects. Finally, water supplies from 
groundwater sources and their interconnection with surface water 


sources are not built into the model. Current research suggests 
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to 


considerable interplay between surface is groundwater in 
influencing an area's water supply. 
6.2 Recommendations 

Based upon the limitations to the research Carried out in thie 
paper, a number of directions for improvement and future work can 
be suggested. 

6.2.1. Integration of Water Use and Water Supply Studies 

That some areas of Canada can be termed areas where water is 
in short supply, there can be little doubt. While this Particular 
research report has not come to terms with this issue, the 
examination of water shortage situations is a primary goal of 
water use and demand forecasting. From a preliminary examination 
of water availability figures completed for the Inquiry, it seens 
that a number of areas, particularly in Western Canada, are ones 
of current or potential water shortage (Hess, 1985). 

The real value of demand forecasting will be derived when 
demand and supply are integrated at levels effective in 
identifying and quantifying water imbalance problems. A practical 
methodology for achieving such an integration was suggested in 
Chapter 5, and it is recommended that such a methodology be refined 
and applied to major basins in Canada, beginning with those basins 
where water supply:demand problems are current or threatening or 
and later to the other major basins of the country Further. the 
development and improvement of the river basin simulation model 


should be given top priority in regard to water use and demand 
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studies, and should be funded at a level higher than currently 
available. 

6.2.2. Continued Development of Regional Water Use Modelling 

The main research carried out here was concentrated on 
projecting water use in the major regions of Canada. A number of 
assessment, such as watching briefs on overall national water use, 
studies of future consumptive water use, and policy evaluations 
will continue to be based on such projections and modelling 
activities. It is recommended that development and application work 
on these aggregate models be continued. 

6.2.3. Further Investigation of Conservation Measures 

Scenario 2 demonstrated that significant reductions 
relative to other growth paths may be achieveable through 
improved water pricing practices and other conservation measures. 
The analysis here, however, was quite hypothetical, and relied 
upon a number of assumptions and secondary data sources. It is 
recommended that he research be carried out on this subject 


in order to investigate fully the impacts of conservation 


measures, not only on future water use but also upon the 
requirements for new water supply development initiatives. 

6.2.4 Examination of Technological Change Impacts 

The subject of technological change impacts on water use were 
examined in, Scenario 3,. with the udndieatton that production 
technology was tending to lead to proportionately increased water 
use relative to current technologies. Since this finding is a 
variance with other research on the subject, as outlined in 
Chapter 4, it is recommended that further work be carried out in 
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order to bring the technological change fully into the calculus 
of water demand forecasting. 

6.2.5. Water Use Data 

The: undertaking of this project was due in part to the 
availability of reliable Canadian data on various aspects of 
water use. These data have been collected regularly over the past 
10 years. It is recommended that such data collection efforts, 
which have been relatively inexpensive in resource terms, be 
continued, both to verify the accuracy of the forecasts and to 
provide data for improved forecasting efforts. Such data collection 
efforts should ensure that data are collated on a river basin basis 
in order to feed data to the simulation model being developed, as 
well as on the basis of political regions 

6.2.6 Nonwithdrawal Water Uses 

This report has considered only the major withdrawal uses of 
water. However, the nonwithdrawal water uses (e.g. recreation, 
wildlife, hydroelectric power, etc.), are a dimension of water 
use which have generally been underplayed, not only here but also 
in other studies. It is recommended that research be carried out 
to identify the most efficient method of incorporating 
nonwithdrawal water use considerations into investigations of 
future water demand. This work should be carried out in 


conjunction with the investigations recommended in Section 6.2.1. 
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